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SPECIAL NOTES 

API publications neces~ariJy address problems of a general nature. With respect to partic
ular circumstances, local, state, <~nd federal laws and regulations should be reviewed. 

APl is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
warn and properly train and equip their employees. and others exposed, conceming health 
and safety risks and precautions, nor unde1taking their obligntions under local, s t;~te, or fed
eral Jaws. 

lnfom1ation c(Jrtceming safety and health 1isks and proper precautions wHh respect to par
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of thnt material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise. for the 01anufacture. sale. or use of any method. apparatus. or prod
uot covered by letters patent. Neither should anything contained in the publication be con
stilled as insuring nnyone again!)! liability for infri11gement of letters patent. 

[Text removed.J This publication will no longer be in effect five years af1er its publication 1 03 

date as an operative API standard or, where an extension has been granted, upon republica-
tion. St·atus of the publication can be ascertained from the API Standards Department !tele
phone (202) 682-SOOOJ. A cawlog of API publications and mate1·ials is publisheJ annua.lly 
and updaled qua11erly by API, 1220 LStreet, N.W., Wash ington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri
ate notification and participation in the developmental process and is designated as an AP1 
standard. Questions conceming U1e interpretation of the content of this standard or com
ments and questions concern ing the procedures under which this standard was developed 
should be directed in writing to the djrector, S1andards Department, American Petroleum 
lnstiwte, 1220 L Street. N.W., Washington, D.C. 20005. Requests for permission to repro
duce or translate al l or any p~ut of the material published herein should also be addressed to 
the general manager. 

API standards are published to faciJitate the broad availability of proven, sound eng ineer
ing and operating practices. These standards are not intended to obviate the need for apply
ing sound engineering judgment regarding when and where these srand;u·ds shoul(( be 
utilized. The formulation and publication of AP1 standards is nor intended in :lilY way to 
inhibit anyone from using any nrher practices. 

Any manufacturer mark.ing equipment or materiaJs in conformance witll the marking 
requirements of an API standard is solely responsible for complying with aJI the applicable 
requirements of tbat standard. API does not represent, wan-ant, or guarantee that such prod
ucts do in fact confom1 to the applicable API standard. 
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FOREWORD 

This Mantlard is based on the accumulated knowledge and experience of owners, operators. 
manufacturers. anti repairers of steel storage tanks. The object of this publication is to pro
vide guidance in the inspection, repair, alteration, and reconstruction of steel storage tanks 
used in the petroleum and chemical industries. 

If tanks are inspected, repaired, altered. or reconstructed in accordance with this stan
dard. the owner/operator may elect to modify. delete. or amplify sections of this standard. 
It is s trongly recommended that such modifications, deletions. or <Hnplifications be made 
by supplementing this standard rather than by rewriting or incorporating sections into an
other complete standard. 

The rul t:s given in this standard are minimum requirements. This stand:ml is not to be 
Interpreted as approving, recommending, or endorsing any specific design nor limiting the 
methods of inspection, repait, alteration, or reconstruction. 

Each edition. revision. or addenda to this API standard may be used beginning with the 
date of issuance shown on the cover page for thnt edition, revision. or addenda. Each edition. 
revis ion, or addenda to this API standard becomes effective six month <; after the date of issu
ance for equipment that is certified as being rerated, reconstructed, relocated, repaired. mod
ified (altered). inspected. and tested per this standard. During the s ix-month time between 
the tlnte of issuance of the edition, revision. or addenda and the efTective date, the purchaser 
and manufacturer shall specify to which edition, revision, or addenda the equipment is to be 
rated. reconstructed. relocated, repaired, modified (alrered). in!>pected, and tested 

API publications may be used by anyone desiring to do :.o. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
lnl>t in•tc makes no representation. warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility fo r loss or damage resulting 
from its use or for the violation of any federal. s tate, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted ro the director. Standnrds Depart
ment, American Petroleum Institute. 1220 L Street. N.W. , Was hington. D.C. 20005. stan
c.lards @upi.org. 
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NOTICE 

INSTRUCTIONS FOR SUBMITIING A PROPOSED REVISION 
TO THIS STANDARD UNDER CONTINUOUS MAINTENANCE 

This standard is maintained under comjnuous maintenance proct:<Jures by the American 03 
Perroleum lnstiture for which the Standards Depanment. These procedures establish a docu
mented program for regular publication of addenda or revisions, including timely uud docu
mented consens~ action on requests for revisions It) nny part of the standartl. Proposed 
revisions shall be submitted to rhe Director, Standards Depnt1ment, American Petroleum 
Institute. 1220 L Street NW. Washington, D.C. 20005-4070. standards@api.org. 
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03 

Tank Inspection, Repair, Alteration, and Reconstruction 

1 Scope 

1.1 INTRODUCTION 

1.1.1 This standard covers carbon and low alloy st'eel tanks 
built to API Standard 650 and its predecessor API 12C. 'n1.is 
standard provides minimum requirements for maintaining the 
integrity of welded or riveted. nonrefrigerated, atmospheric 
pressme. aboveground storage tanks after they have been 
placed in service. It covers the maintenance inspection, 
repair, alteration, relocation, nnd reconsttuction of such tanks. 

1.1.2 The scope is limil'ed to the rank foundation. bottom, 
shell. structure. roof, attached apputtemmces, and nQzzles to 
the face of the l'irst flange. first threaded joint, or rirst weld
ing-end connection. Many of the design, welding, examina
tion, and material requirements of API Srd 650 can be applied 
in the maintenance inspection, rating, repair, and alteration of 
in-service tanks. In the case of apparent contlicts between the 
requirements of this standard and API Std 650 or its predeces
sor API 12C, this standard shall govern for tanks that have 
been placed in service. 

1.1.3 This standard employs the principles of API Std 650; 
however, storage tru1k owner/operators, based on consider
ation of specific construction and operating details, may 
apply this standard to any steel tank constructed in accor
dance with a tank specification. 

1.1.4 This standard is intended for use by organizations 
that maintain or have access to engineering and inspection 
personnel technically trained Md experienced in tank design, 
fabrication, repair, construction. and inspection. 

1.1.5 This standard does not contain rules or guide.lines to 
cover all the varied condit.ions which may occur in an existing 
tank. When design and construction details are not given, and 
are not available in the standard to which the tank was origi
nally constructed, then details that will provide a level of 
integrity equal to the level provided by the current edition of 
API Std 650 must be used. 

1.1.6 1l1is standard recogoi-z.es fitm:ss-for~service assess
ment concepts for evaluating in-service degradation of pres
~ure containing components. APT RP 579. Recommended 
Practice for Fitness-j'rJr-Service, provides detailed assessment 
procedures or acceptance criteria for specific type of degrada-

H 

tion referenced in this standard. When this standard does not 
provide specific evaluation prot:edures or acceptance criteria 
for a specific type of degradation or when this standard 
explicitly allows the use of fitness~for-service ctiteria, RP 579 03 
may be used to evaluate the various types of degradation or 
test requirements addressed in this stanuard. 

1.2 COMPLIANCE WITH THIS STANDARD 

The owner/operator has ultimate responsibility for com
plying with the provisions of this standard. The appl ication 
of th.is standard is restricteu ro organizations that employ or 
have access to an authorized inspection agency as defined 
in 3.4. Shou ld a party other than the owner/operator be 
assigned certain tasks. such as relocating aml reconstruct
ing a tank, the limits of responsibility for each pr~rty shall 
be defined by the owner/operator prior to commencing 
work. 

1.3 JURISDICTION 

lf any provision of this standru·d presents a direct or 
implied conflict with any statutory regulation, the regulation 
shall govem. However, if the requirements of this staru.Jard 
are more stringent than the requirements of the regulariun, 
then the requirements of this standard shall govem. 

1.4 SAFE WORKING PRACTICES 

An assessment sh11l1 be made of the potential hazards to 
which personnel may be exposed when conducting intemal 
tank inspections, making repairs, or dismantling tanks. Pro
cedures shall be developed according to the gu idelines 
given in AP[ Standard 20 15, Recommended Practice 2016, 
and Publication 22 17 A that will include safeguard for per
sonnel health and safety, prevention of accidental fi res and 
explosions. and the prevention of property damage. 

Special proce<.lures may need to be developed for certain 
actjvities described in this stnnuard that are not fully covered 
by the referenced APl publications: for example, safety pre
cautions for personnel accessing floating roof t<tnks that are in 
service, or gas freeing lhe bottom side of a tank. Finally, pro
cedures must comply wirh any fedeml or state safery regula
tions pertaining to .. confined spaces" or any other relevant 
provisions. 



SECTION 2-REFERENCES 

03 I 2.1 REFERENCED PUBLICATIONS 

031 

The following standards, codes, publications. and specifi
cations are cited in this standard. ·nte latest edition or revision 
shall he used unless otherwise noted. 

API 

RP 579 

Std 620 

Std 650 

RP651 

RP652 

Std 2000 

RP2003 

Std 2015 

RP 20l6 

Publ220 1 

Publ 2207 

Fimess-for-Sen;ice 

Design and Constrttction ofLwxe. Welded, 
Low-Pressure Storage Tonks 

Welded Stet•l Tonks for Oil Storage 

Cathodic Protectimt of Abovegr01111d Stor
age Tanks 

Lining of Aboveground Petroleum Storage 
Tank Bottom~ 

Ve11ting Atmospheric and Luw-Pressure 
Star<rge Tanks: Nanrefrigerated and 
Re./i"igerated 

Protection Agaimt lgl/itiOII!;' Arising Out of 
Srtrtic, Lightning. one/ Stray Currenrs 

Sqfe Entry and Cleaning of Permleum 
Stora~e Tonks 

Recommended Practice for Entering anti 
Cleaning Pe1mlt>lllll Storage Tanks 

Procedures for Welding or Hot Tapping on 
Equipment in Sen1ice 

Preparing Fank Bonomsfor H01 Work 

Pub I 2217 A Guidelines .fur Work ln lnerl Cm!fined 
5/mces in lhe Petroleum Industry 

ASMEl 

2·1 

Boiler and Preswre Vessel Code, Section V, ''NondestnJc
tive Examination"; Section YHI. "Pressure Vessels" 
Alternative Rules. Division 2; Section IX. "Welding 
and Brazing Qu:ilifications.'' 

ASNT2 

SNT-TC-IA 

ASTM3 

A6 

A20 

A 36 

A370 

A 992 

PeJ;wrmel Qualijic(l/ion a/UI Certiflcariorr 
in Nvmlestruclive Testing 

General Requirements for Rolled Sreel 
Plates. Shapes, Sheet Piling, and Bars for 
Strru:rural Use 

GenNa/ Requiremenl.\' .for Steel Plates for 
Pressure Vessels 

Srmctrrra/ Steel 

Standanl Test Methods arrd Definitions fur 
Mechanical Te.~ling ofSreel Products 

Steel for Strru:tural Shope.,· for rrse in 
Building Fmllling 

2.2 OTHER REFERENCES 

Although not cited in this standard, the following publica
tions may be of interest. 

API 

Std 2610 Design, Construction, Operation. Mainte
nallce, arrd Inspection of Terminer/ & Tcurk 
Facilities 

1 Ameri ~rm Souiety f(>r Mech~nieAI Engineers. 345 E;'ISI 47!h Scree!. New 
Ytlrk, New Y()rk I (](117, www.nsme.org. 
2American Society for Non(lestrwtivc: Testing. 17 t I Arlingute Lane. C<1l um
bus. Ohio, 43228-05 18. www.asnt.org. 
3American Society for Testing >lnJ Muteri~b. 100 Barr Harbor Drive, West 
Conshohocken. Pennsylvania 19428-'2959, www.astm.org. 
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SECTION 3-DEFINITIONS 

For the purposes of this standard,the following definitions 
apply: 

3.1 alteration: Any work on a tank involving cutting, 
burning. welding. or heating operations that changes the 
physical dimens ions and/or configuration of a t<mk. Typical 
examples of alterations include: 

a. The addition of man ways and nozzles greater than 
12-in. nominal pipe size (NPS). 

b. An increase or decrease in tank shell height. 

3.2 applicable standard: The original standard of con
struction. such as API standards or specifications or Under
wri ters Laboratories4 (UL) standards, unless the original 
standard of construction has been superseded or withdrawn 
from publication; in this event, applicable stru1dard means 
the current edition of the appropriate standard. See Appen
dix A for background 011 editions of API welded storage 
tank standards. 

3.3 atmospheric pressure: Used to describe tanks 
designed to withstand an internal pressure up to but not 
exceeding 21/2 1bf/in.2 gauge. 

3.4 authorized inspection agency: One of the follow
ing organizations that employ an aboveground storage tank 
inspector certified by AJlJ. 

a. The inspection organization of the jurisdiction in which 
the aboveground storage tank is operated. 
b. The inspection organization of an insurance company 
which is licensed or registered to and does write aboveground 
storage t;mk insurance. 

c. An owner/operator of one or more aboveground storage 
tank(s) Who maintains an inspection orgru1ization for activi
ties relating only to his/her equipment and no1 for 
aboveground storage tanks intended for sale or resale. 

d. An independent organization or individual under contract 
to and under the direction of an owner/operator and recog
nizeu or otherwise not prohibited by the jurisdiction in which 
the aboveground storage tank is operated. The owner/opera~ 
ror's iospecl'ion program shall provide the controls necessary 
for use by autho1ized inspectors contracted to inspect above
ground storage tanks. 

4Underwriters Labomties, 333 Pfingsten Road, Northbrook, Illinois, 
60062-2096, www.ul.com 
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3.5 authorized inspector: An employee of an autho~ 
rized inspection agency and is certified as an Abovegrouml 
Storage Tank Inspector per Appendix I) of this standard. 

3.6 breakover point: The area on a tank bollom where 
settlement begins. 

3.7 change in service: A change from previous operat
ing conditions involving different properties of rhe stored 
product such as specific gravity or cot-rosivity and/or different 
service conditions of temperature ~md/or pressure. 

3.8 corrosion rate: The total metal loss divided hy the 
period of time over which the metal loss occurred. 

3.9 critical zone: The portion of the tank botrom or annu
lar plate within 3 in. of the inside edge of the shell. measured 
radially inward. 

3.10 hot tap: Identifies a procedure for install ing a nozzle 
in the shell of a tank that is in service. 

3.11 inspector: A representative of an organization' s 
me(;hanical integri ty department who is responsible for vari
ous quulity control and assurance functions, such as welding, 
contract execution, etc. 

3.12 owner/operator: The legal entity having both con
trol of and/or responsibility for the operation <md mainte
nance of an existing storage tank. 

3.13 reconstruction: Any work necessary to reassemble 
a tank that has been dismantled and relocated to a new site. 

3.14 reconstruction organization: The organization 
having assigned responsibility by the owner/operator In 

design an<.l/or reconstruct a tank. 

3.1 5 repair: Any work necessary to maintain or restore a 
tank to a condition suitable for safe operarion. Typical exrun
ples of repairs include: 

a. Removal and replacement of material (such as roof, shell. 
or bottom material, including weld metal) to maintain tank 
integrity. 
b. Re-leveling and/or jacking of a tank sheU, bottom, or roof. 
c. Addition of reinforcing plates to existing shell 
penetrations. 
d. Repuir of flaws, such as tears or gouges, by g1inding an<.l/ 
or gouging followed by welding. 
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3.16 repair organization: An organization that meets 
any of the following: 

a. An owner/operator of aboveground storage tanks who 
repairs or alters his/her own equipment in accordance with 
d1is standard. 
b. A contractor whose qualifications are acceptable to the 
owner/operator of aboveground storage tanks and who makes 
repairs or all·erations in accordance with this standard. 
c. One who is authorized by, acceptable to, or otherwise not 
prohibited by the jurisdiction, and who makes repairs in 
accordance with this standcu·d. 

3.17 storage tank engineer: One or more persons or 
organizations acceptable to the owner/operator who are 
knowledgeable und experienced in the engineering disci
plines assocjared with evaluating mechanical and material 
characterisrics that affect the integrity and reliabiliry of 

aboveground storage tanks. The storage tank engineer, by 
consulting with appropriate specialists, should be regarded as 
a composite of all emities needed ro properly assess the tech
nical requirements. 

3.18 external inspection: A forrn<tl visual inspection. as 
supervised by an authorized inspector, to assess all a,-;pects of 
the tank as po~sible without suspending operations or requir
ing tank shutdown (see 6.3.2). 

3.19 internal inspection: A fonnal, complete inspec
tion, a~ supervised by an authorized inspector of all accessi
ble internal tank surfaces {see 6.4.1). 

3.20 fitness for service assessment: A methodology 
whereby flaws contained within a structure are assessed in 
order to determine the adequacy of the flawed strvcture for 
continued se•vice without imminent failure. 

01 
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SECTION 4-SUITABILITY FOR SERVICE 

4.1 GENERAL 

4.1.1 When the results of a tank inspection show that a 
change has occurred from the original physical condition of 
that umk. an evaluatjon shall be made to detennine its suit
ability for continued use. 

4.1.2 This section provides an evaJ uation of the suitability 
of an ex isting tank for continued service, or for a change of 
service, or when making decisions involving repairs, alter
ations. dismantling, relocating, or reconstructing an existing 
tank. 

4.1.3 The fo llowing I ist of factors to r consideration is not 
aU-inclusive for all situations, not is it intended to be a substi-

03 1 tute for lhe engineering analysis and judgment required for 
each situation: 

a. lntemal COITOsion due to the product stored or water 
bortoms. 

b. Extemal corrosion due to environmental ex posure. 
c. Stress levels and allowable stress levels. 
d. Properties of the stored product such as specific gravity, 
temperature. and corTosivlty. 

e. Metal design temperatures ar the service location of the 
tank. 
f. Exremal roof live load, wind, and seismjc loadings. 
g. Tank foundation, soil, and settlement conditions. 

h. Chemical analysis and mechanical properties of the:: mate
rials of construction. 

L Distortions of the existing tank. 
j. Operating conditions such as filling/emptying rates and 
fTequency. 

4.2 TANK ROOF EVALUATION 

4.2.1 General 

4.2.1.1 The structural integrity of the roof and roof suppott 
system shall be verified. 

4.2.1.2 Roof plates corroded roan averllge thickness of less 
than 0.09 in. in any 100 in.2 area or roof pl<ltes with any holes 
through the roof plate shall be repaired or replaced. 

4.2.2 Fixed Roofs 

Roof support members (rafters, girders. columns, and 
bases) shall be inspected for soundness by a method accept
able to the responsible inspector: distorted (~uch as out-of
plumb columns), corrodeJ , and damaged member~ shall be 
evaluated and repaired or replaced if necessary. Particular 
attention must be given tO the possibility of severe imernal 
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corrosion of pipe columns (corrosion may not be evidenced 
by external visual inspection). 

4.2.3 Floating Roofs 

4.2.3.1 Aretls of roof plates and pont()ons exhibiting cracks 
or punctures shall be repaired or the affected sections 
replaced. Holes through roof plates shall be repaired or 
replaced. 

4.2.3.2 Areas that are pitted sha ll be evaluated to determine 
the likelihood of through-pitting OC<;UrTing prior to the next 
scheduled internal inspection. If so. tbe affected are:~s shall be 
repaired or replaced. 

4.2.3.3 Roof support systems, perimeter seal systems, 
appurtenances such as a roof roll ing ladder. anti-rotation 
devices, water drain systems, and venting systems shall be 
eval uated for needed repairs or replacements. 

4.2.3.4 Guidance for the evaluation of existing floating 
roofs shall be based on the criteria of API Std 650. Appendix 
C. for extemal floating roofs, and Appendix H for internal 
floating roofs. However, upgrading to meet this standard is 
r1ot ma~1datory. 

4.2.4 Change of Service 

4.2.4.1 Internal Pressure 

All requirements of the applicable standard (for example. 
APL Std 650, Appendix F) shall be considered in the evalua
tion and subsequent modifications to the lank roof and roof
to-shell junction. 

4.2.4.2 External Pressure 

As applicable, the roof support structure (if any), <U1d the 
roof-to-shell junction shall be evaluated lor the effects of a 
design partial vacuum. The criteria outlined in APr Std 620 
shall be used. 

4.2.4.3 Operation at Elevated Temperature 

All requirements of API Std 6501 Appendix M, shal l be 
considered before changing the service of a tank to operation 
at temperatures above 200°F. 

4.2.4.4 Operation at Lower Temperature Than 
Original Design 

lf the opemting temperature is changed to a lower tempera
ture than the original design, the requiremen1s of the applica
ble standard or API Std 650 for the lower temperature sha!J be 
mel. 
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4.2.4.5 Normal and Emergency Venting 

Effects of change of service on nonnal and emergency 
venting shall be consjdered. 

4.3 TANK SHELL EVALUATION 

4.3.1 General 

4.3.1.1 Flaws, deterioration, or other conditions (for exam
ple, change of service. relocation. corrosion greater than the 
original corrosion allowance) that might adversely affect the 
perfom1ance or structural integrity of the shell of an existing 
tank. must be evaluated and :1 detem1ination made regarding 
sllitability for intended service. 

4.3.1.2 The evaluation of the existing tank shell shall be 
conducted by personnel experienced iu tank design and shall 
include an analysis of the shell for the intended design condi
tions, based on existing shell plate thickness and material. 
The analysis shall rake into considerntion all anticipated load
ing conditions and combinations, including pressure due to 
fluid static head, internal and external pressure, wind loads, 
seismic loads, roof live loads, nozzle loads. settlement. and 
attachment loads. 

4.3.1.3 Shell corrosion occurs in many fonns and varying 
degrees of severity and may result in a generally uniform loss 
of metal over a large swface area or in localized areas. Pitting 
may also occur. Each ca~e must be treated as a unique si tua
tion and a rltorough inspection conducted to detennine the 
nmure and extent of corrosion prior to developing a repair 
procedure. Pitting does not normally represent a significant 
threat to the overall structural integrity of a shell unJess 
present in a severe fom1 with pits in close pro>timity to one 
another. Criteria for evaluating both general corrosion and 
pitting are defined below. 

4.3.1.4 Methods for determining the minimum shell thick
ness suitable for continlled operation are given in 4.3.2, 4.3.3, 
and 4.3.4. (See Section 6 for f requency of inspection.) 

4.3.1.5 If the requirements of 4.3.3 (welded) or 4.3.4 (riv
eted) ~nnot be satistied. the corroded or damaged areas shall 
be repaired, or the allowable liquid level of the lank reduced, 
or the tank retired. The al lowable liquid level for the contin
ued use of a tank may be established by using the formulas 
for a minimum acceptable thickness (see 4.3.3.1 and 4.3.4.1 ) 
and solving for height H. The actual thjckness, as determined 
by inspection, minus tl1e corrosion allowance shall be used to 
establish rhe liquid level limit. The maximum design liquid 
level shall not be exceeded. 

4.3.2 Actual Thickness Determination 

4.3.2.1 For detem1iniJ1g the controlling thicknesses in each 
shell course when there are corroded areas of considerable 

a b c d e 

4 
A 

Legend: 
a-e are inspection planes 
selected by inspector. 

t2 ; least min. thickness 
In entire area. exclusive 
of pits. 

Procedure: 

tank diameter ~I • lnorn ., I 

L 

SECTION A·A. 
Profile along plane c , the 
plane having the lowest 
average thickness, t 1• 

1. Determine t2• 
2. Calculate L; 3.7 VDi;_. but not more than 40 in. 
3. Locate L to gel minimum l~vg• which is 11• 

Figure 4·1-lnspection of Corrosion Areas 

size, measured thicknesses shall be averaged in accordance 
with the following procedure (see Figure 4-1 )". 

a. For each area, the authorized im;pector shall determine the 
minimum thickness, 12. :Jt any point in H1e corroded area, 
excluding widely ~cattered pits (see 4.3.2.2). 
b. Calculate the ctitical length, L: 

where 

L = 3.7 ~ . but not more than 40 in . 

L = rhe maximum vettical length, in in., over 
which hoop stresses are assumed to "average 
out" arowtd local disconrinuities, 

D 

Note: The actual venicallength of the corroded area 
111ay exceed L. 

tank diameter. inn , 

12 = the least thickness. in in., iu an area of corro
sion, exclusive of pits. 
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c. The authorized inspector shall visually or otherwise 
decide which vertical plane(s) in the area is likely to be the 
most affected by corrosion. Profile measurements shall be 
taken along each vertical plane for a distance. L. In the 
plane(s). determine the lowest average thickness. 'I · averaged 
over a length of L, using at least five equally spaced measure
ments over length L. 

d. Refer to 4.3.3.1 for minimum permitted values for 11 nnd 
'2· The additional loads in 4.3.3.4 shnll also be considered. 
e. The criteria for continued operation is as follows: 

i. The value 11 shall be grellter than or equal to 1111;11 (see 
4.3.3 or 4.3.4), subject to verification of all other load-

01 ings listed in 4.3.3.5: and 
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ii. The value t 2 shall be grea.ter than or equal tu 60 percent 
of f11u11 ; and 

iii. Any corrosion allowance required for service untiJ the 
time of the next inspection shall be lidded to 1111111 nnd 
60 pen..:ent of 1111i11• 

4.3.2.2 Widely scattered pits may be ignored provided that: 

a. No pit depth results in the remaining shell thickness being 
less than one-half the minimum acceptable tank shelJ thick
ness exclusive ot'the corrosion allowance: and 

b. The sum of their dimensions along any vertical line does 
not exceed 2 in. in an 8-in. length (see Figure 4-2). 

4.3.3 Minimum Thickness Calculation for Welded 
Tank Shell 

Note: In general, the minimum ncceptable thickness (1111111) for nn 
entire shell course is detennlned using 4.3.3. 1 (a) with H detem1ined 
to lhe bonom of each shell coucse and the results used as a basis for 

judging the suitability for continued service for Lhe tank. If locally 
thinned nreas are identified or if specific areas are investigated (such 
as for u shell nozzle installation), the method of 4.3.3. 1 (b) may be 
used to complete the evaluation with 11 detennined fbr that particu
lar location. 

4.3.3.1 The minimum acceptable shell pJate thickness for 
continued service shall be determined by one or more of the 
methods noted herein. These methods are limited to tunks 
with diameters equal to 200 11 or less. 

a When determining the minimum acceptable lhickness for 
an entire shell course, t111;11 is calculated as follows: 

t _ 2.6 (H - l )DG 
min- S£ 

b. When detennining the minimum acceptable thickness for 
any other portions of a shell course (such as a locaUy thinned 
area or any other location of interest), t111;11 is calculated as fol
lows: 

where 

2.6 HDG 
SE 

t111;11 =the minimum acceptable thickneiis, in in. for each 
course as calculated from the above formula; however. 
1111;11 shaJI not be less than 0.1 in. for any tank course, 

D = nominal diameter of tank, in ft ., 

H =height from the bottom of the shell course under con· 
sideration to the maximum liquid level when ~valuat
ing an entire she ll course, in ft; or 

= height from the bottom of the length f.., (see 4.3.2.1) 
from tht: lowest point of the bottom of f.., of the locally 
thinned area to the maximum liquid level, in ft; or 

=height from the lowest point within any locatjon of 
interest to the maximum liquid level, in ft, 

G = highest specific gravity of the contents, 

S = maximum allowable siTess in lbf/in.2; use the smaller 
of 0.80 Y or 0.429T for bottom and second course; use 
the smaller of 0.88Y or 0.472T for all other courses. 
Allowable shell stresses are shown Table 4- 1 for 
materials listed in the current and l?revious ed itions of 
API Std J 2C and Std 650. 

Note: For reconStructetltanks, S shall he in accortl~mce with the cur

rent applicable standard. 

Y = specified minimum yield strength of the plate; use 
30,000 lbf/in.2 if not known. 

8" 

Figure 4-2-Pit Measurement 
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Table 4-1 Maximum Allowable Shell Stresses 
(Not For Use For Reconstructed Tanks, see Note 6) 

Allowable Product Allowable Hydrostatic 
Stress, S (lbf/in.2) (7) Test Stress. St (lbf/in, 2) (7) 

Minimum Minimum 

Material Specificatirm Specified Specified 
lower Two Lower Two 

aml Grade Yield Stress. Tensile 
Courses 

Upper Courses C(lurses Upper Courses 

Y (lbf/ln.2) Strength,,O 
T(lbf/in. -) 

ASTM Specifications 

A 283-C 30,000 55,000 23.600 26,000 26,000 27,000 
A28S-C 30,000 55,000 23,600 26.000 26.000 27,000 

A36 36,000 58,000 24,900 27.400 27,400 JO, !OO 
A13I-A, B,CS 34,000 58,000 24,900 27,400 27,400 30,100 
AIJI,EH 36 5 1.000 71,000 30,500 33,500 33,500 36,800 

A573-58 32,000 58,000 24.900 27,400 27,400 28,800 
A573-65 35,000 65.000 27.900 30.700 30,700 31,500 
A573-70 42,000 70,000 30,000 33,000 33,000 36,300 

A516-55 30.000 55,000 23.600 26,000 26.000 27,000 
A516,60 32,000 60.000 25.600 28.200 28,200 28,800 
A516-65 35,000 65,0()0 27.900 30.700 30.700 3 1.500 
A516-70 38,000 70,000 3 0,000 33,000 :u.ooo 34,200 

A662,B 40.000 65.000 27,900 30.700 30,700 :!3,700 
A662-C 43.000 70,000 30.000 33,000 33,000 36,300 

A537- Class I 50.000 ?0,000 30,000 33,000 33,000 36,300 
01 A537- Class 2 60.000 80.000 34,300 37,800 37.800 41,500 

A633·C, D 50.000 70.000 30.000 33.000 33.000 36.300 
A678-A 50,000 70,000 30.000 33,000 33,000 J6.300 
A678-B 60,000 80.000 34,300 37,800 37.800 41,500 
A737-B 50,000 70.000 JO.OOO 33,000 33,000 36.300 

A841 50.000 70,000 30.000 33,000 33,000 36,300 
A 10 ( I) 30,000 55.000 23,600 26,000 26,000 27.000 
A? ( I) 33.000 6(1,000 25,700 28,300 28,300 29,700 

A442-55 ( I) 30.000 5'5,000 23,600 26,000 26,000 27,000 
A442-60 ( I) 32,000 60,000 25.600 28.200 28.200 28.!!00 

CSA Specifications 

040.21 M. 260W 37,700 59.500 25.500 28.100 28. 100 30.900 
G40.2 I M, 300W 43,500 65,300 28,000 30,800 30,800 33,900 
040.21 M, 350W 50,800 65,300 28.000 30,800 30,800 33.900 

040.21 M. 350WT 50,800 69,600 29,900 32,900 32,900 36.100 

Unknown (2) 30.000 55.000 23.600 26,000 26.000 27.000 

Riveted Tanks: 
A7. A9 or .'\ 10 (1.3) NA NA 21 ,000 21,000 2 1,000 21,000 

Known (4) y T Note4 Note4 Note4 Note4 
Unknown (5) NA NA 21 ,000 21.000 21,000 21.000 

Notes: maximum allowable shell stress for both product and hydrostatic test 

I. ASTM A 7. A9. A I 0 and A442 nre obsolete ASTM material speci-
conditions are listed under column for Allowable Product Stress. S. 

ficntions previously I is ted in A PI Standards 12C and 650. 5. This provision is for riveted tanks. constructed of unknown grades 

01 2. The yield stress and tensile srrength values shown arc per API 653 of mmerial, evaluated per 4.3.4.2 of I his standard. 01 
for welded AST material of unknown origin. 6. The allowable stresses for reconstnJcted tanks are tabulated in API 

3. This provisiort is for riveted tanks, constructed of any grade of Std 650, T~lble 3-2 or calculated per 8.4 of this standard. 

material, evaluated per 4.3.4.1 of this standard. 
7 . The ullowable stresses are calculated per 4.3.3.1 of this standard, 

4. This provision is for riveted tanks, constn1cted of known grades of unless otherwise noted. The calculated allowable stresses are 
material , evaluated per 4.3.4.2 of thls standard. For all courses, the rounded to the nearest 100 lbf/ in.2• 
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'/' = the Smaller Of the specified 1111llli11Un1 tensile 

strength of the plate or 80,000 lbf/in.2; use 55,000 
lbf/in.2 if not known , 

£ == original joint efficiency fort he tank. Use Table 4-2 
if original £ is unknown. £ = 1.0 when evaluating 
the retirement thick.ness in a com><fed plate, when 
away from welds or joints by at least the greater of 
I in. or twice the plate thickness. 

4_3_3.2 If the tank will be hydrostatic:tlly testc::J, the hydro
static test height, H" shall be limited by one or more of the 
following methods. The tank shall not be fi lled above the 
level Jetermined by the lesser value of H1 Llete1mined below: 

a. After determining the controlling thickness of an entire 
shell course, H1 calculated as follows: 

H = S,£1,;, + I 
' 2.6D 

b. After determining rhe controlling thickness by 4.3.2.1 for 
a locally thinned area, or at any other location of interest 
within a shell course. H1 is calculated as follows: 

where 

Notes: 

H = S,Et,;, 
I 2.6D 

f-11 = Height from the bottom of the shell course 
under consideration to the hydrostatit: lest 
height when evaluating an entire shell course in 
ft; or 

= Height from [he bottom of the length, L. (see 
4.3.2.1) for the most severely thinned area in 
each shell course to the hytlrostatic test height in 
ft ; or 

= Height from the lowest point willlin any other 
location of interest to the hydrostatic test height 
in ft. 

maximum allowable hydrost.1tic test stress in 

lbf'lin.2; use the smaller of 0.88 Y or 0.472T for 
bottom and second courses; use the smaller of 
0.9Y or 0.5 197 for u.ll other courses. 

I . Depending on the speci fic gravity of the content used to detennine 
I mit~> 1-11 may be less than N. Testing the t:mk to H may y ield the cor
roded area. 
2. If H, is less than 1-/, owner/operator shall detennine U1e conse
qlJence and acceptability of operating the tank to 1-/, 1ts maximum 
design liquid level. Repa1rs to shell sections above H, shall comply 
with the requirements of 12.3.2. 
3. For reconstructed titnks. S1 shall be per the current appl icabk stan-

Table 4-2-Joint Efficiencies for Welded Joints 

Edirion Type Joint Appllcabilily 
Standard & Year of Joint Etlicier.cy E or Limits 

7th & Later Butt 1.00 Basic Standard 
API650 

( 1980 - Presem) Bun 0.85 App~ndix A 
-Spot RT 

Butt 0.70 Appendix A 
- NoRT 

1st - 6th Bull 0.85 Basic Stnndnrd 

(1961- 1973) Butt LOO Appendices 
D&G 

APII2C 
14th& 15th Butt o.ss 
(1957- 1958) 

3rd- 13th Lr~p" 0.7S 3fs in. max. 1 

( 1940 - 1956) Butte 0.85 

lst & 2nd Lap" 0.70 7/1n in. max./ 

( 1936-1939) Lapb 0.50 + k/5 t/4 in. max. 1 

Buttc 0.85 

Unknown Lapa 0.70 7/16 in. max. 1 

Lapb 0.50+ k/5 1/4 in. mr~x . l 

Bulle 0.70 

UII)J 0.35 

Notes: 
~ Full double lap-welded. 

bfull fillet weld with at least 2) percent intermittent full fillet oppo-
site side: k =percent of intemtittent weld expressed in decimal fomt. 

csingle butt-welded joints with a back-up bar were pemtined front 
the years of I 936 to 1940 and 1948 to 1954, 

<~single lap-welded only. 

[Text removed.] 

4.3.3.3 AJteroatively, the n'linimum acceptable shell plate 
thickness for taJtks with diameters equal to or less than 200ft 
may be calculated in accordance with the variable design 
point method in API Std 650. 3.6.4, substituting ''S x £ ' for 
"S'": E and S may be defined as in 4.3.3. 1. 

4.3.3.4 The variable design point method shall be used for 
tanks greater than 200 ft in diameter, with ail variables 
defined as in 4.3.3.1. 

1 o3 
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4.3.3.5 The thickness detenninarions of 4.3.3.1, 4.3.3.2, 
and 4.3.3.3 consider liquid loading only. AJI other loads shall 
also be evaluated at:cording to the oliginaJ standard of con
stn•ction; and engineering judgment shall be used to evaluate 
different conditions or new information. As applicable, the 
following loadings shall be taken into accouot: 

u. Wind-induced buckling. 

b. Seismic loads. 

c. Operation at temperatures over 200°F. 

d. Vacuum-induced external pressure. 

e. External Joads caused by piping, trutk.-mounted equip
ment, hold down lugs, etc. 

f. Wind-Ind uced overturning. 

g. Loads due to settlement. 

4.3.3.6 As an alterntJtive to the proced ures described 
above, any thinning of the tank shell below minimum 
required wall thickness due to corrosion or other wastage 
may be evaluated to determine the ndequacy for continued 
service by employing the design by analysis methods defintld 
in Section VI II, Division 2, Appendix 4 of the ASM E Code. 
When using these l:riteria. the stress value used in the original 
tank design shall be substituted for the S111 value of Division 2, 
if the design stress is less than or equal to the lesser of 2/3 Y 
(specified minimtun yield strength) or 1/1T (specified mini
mum tensile strength), (f the original design stress is greater 
than 2/JYor 1/JT, then the lesser of 113 Y or 1/JTshall be substi
tuted for S111• 

4.3.4 Minimum Thickness Calculation For Riveted 
Tank Shell 

4.3.4.1 The minimum acceptable t11ickness for riveted tank 
shells shall be calculated using l'he formula of 4.3.3.1 except 
that the tollowing allowable stres!. criteria and joint efficien
c ies shaiJ be used: 

S = 21,000 lbfli n.2 

£ = 1.0 for shell plate 6 in. or more away from riv
ets. See Table 4-3 for joint efficiencies for loca
tions within 6 in. of rivets. 

4.3.4.2 The rivet joint efficiencies given in Table 4-3 are 
conservative minimums for riveted tank construction details 
and are included to simplify riveted tank evaluations. How
ever, in some cases it may be advantageous to calculate the 
actual rivet joint efficiencies using computational methods 
applicable to lap and butt type riveted joints. When this alter-

native of calculated joint effic iencies is used, the following 
maximum allowttble stresses shall apply: 

a. For the maximum rensile stress in net section of plate, use 
the lesser of 0.80Y or 0.4297; use 21,000 lbfiin.2 if T or Y is 
unknown. 

b. For d1e n1aximum shear in net section of rivet, use 16,000 
lbf/in.2 

c. For the maximum bearing stress on plates or rivers, use 
32,000 lbf/in. 2 for rivets in single shear, and 35.000 lbf/ in,2 
tor rivets in double shear. 

4.3.4.3 Por ranks with riveted joinrs. cons ideration shall be 
given to whether, and to what extent, COITOsion affects such 
joints. 11' calculations show that excess thickness exists, this 
excess may be taken as corrosion allowance. 

4.3.4.4 Non-liquid loads (see 4.3.3.5) shall also be consid
ered in the ru1alysis of riveted tanks. 

4.3.5 Distortions 

4.3.5.1 SheU distortions include out-of-roundness, buckled 
areas, tlar spots, and peaking and banding at welded joints. 

4.3.5.2 Shell distortions can be caused by many conditions 
such as foundal'ion settlement. over- or under-pressuring. high 
wind, poor shell fabrication, Or repair techniques, and so 
torth. 

4.3.5.3 Shell d istot1ions shnll be evaluated on an individual 
basis to detennine if specific conditions are considered 
acceptable for continuing tank service ancVor the extent of 
corrective action. 

4.3.6 Flaws 

Fluws such as cracks or laminations shall be thoroughly 
examined and evaluated to detennine their nuture and extent 
and need for repair. lf a repair is needed, a repair procedure 
sha ll be developed and implemented. The requirement for 
repairing scars such as arc strikes, gouges, or tears from tem
porary attachment welds must be evaluated on a case-by-case 
basis. Cracks in the shell-to-bottom weld are critical and shall 
be removed and the welll repaired. 

4.3.7 Wind Girders and Shell Stiffeners 

The evaluation of an existing tank shell for suitability for 
service must also consider rhe details and condition of any 
wind girders or shell stiffeners. Degradation by corrosion of 
these structural elements or their attachment welds to the 
shell may render these elements inadequate to r the design 
conditions. 
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Table 4-3---Joint Efficiencies for Riveted Joints 

Tyre l1f Number of Joint Efficiency 
Joint Rivet Rows £ 

Lap 0.45 

Lap 2 0.60 

Lap 3 0.70 

Lap 4 0.75 

Buun 2" 0.75 

Bull Jb 0.85 

Bun 41' 0.90 

Bull s" 0.91 

Butt 6" 0.92 

Notes: 

"All bull jninr~ listed h:wc bull straps both inside and outside. 

bNumber of row on each side ofjoim center line. 

4.3.8 Shell Welds 

The condition of tbe tank sheU welds shall be evaluated for 
suitability for service. Any deterioration of the existing weld~ 
that results from corrosion or pitt'ing must be evaluated and 
appropriate repair procedures establi~hed or the tank rerated 
as necessary. Some typical shell butt-weld flaws and recom
mended procedures for repair~ are given in 9.6. 

4.3.9 Shell Penetrations 

4.3.9.1 The condition and details of existing shell penetra
tions (nozzles. manways, cleanout openings. etc.) shall be 
reviewed when assessing the integrity of an existing tank 
shell. Details such a.s type and extent of reinforcement, weld 
spacing, and thickne!'s of components (reinforcing plate, noz~ 
zle neck. bolting flange, and cover plnte). are important con
siderations and sh<t ll be reviewed for stntctural adequacy and 
compl iance with the applicable staudard. Any noncompli
ance, or deterioration due to corrosion. must be assessed and 
repair procedures established where appropriate m the tank 
rerated, ns necessary. 

4.3.9.2 Nozzle wall thickness shall be evaluated for pres
sure and all other Joacls. 

4.4 TANK BOTTOM EVALUATION 

4.4.1 General 

Tank bottom inspt:ction strategies shall provide suitable 
data which. when used with the procedures in this standard, 
will determine the tank bottom integrity necessary to pre
vent leakage of liuids that may cause environmental dam
age. Each aspecr of corrosion phenomena, and other 

potential leak or failure mechanism must be examined. Peri
odic assessment 0f tank bottom integrity shall be perl'ormed 
in addition to the internal inspections specified in 6.4. The 
assessment period shall be less than or equal to the appro
priate intemal inspection interval given in 6.4.2 or 6.4.3. 
The use of leak detection tests or monitoring systems (such 
as double bottoms or liners under tank bottoms wirh leak 
detection pipes) will satisfy the requirement for periodic 
assessment between internal inspections. 

Excessive foundation settlement of storage tanks can affect 
the integri ty of tank shells and bottoms. Therefore, monitor
ing the settlement behavior of tanks is a recognized practice 
to assess the integrity of tank bolloms. Refer to Appendix B 
for techniques for evaluating tank bottom settlement. 

4.4.2 Causes of Bottom Failure 

The following list gives some historical causes of tank bot
tom leakage or faiJure that shall be considereu in the decision 
to line. repair. or replace a tank bottom: 

a. Internal pitt ing and pitting rates in the a11ticipated service. 
b. Corrosion of weld joint's (weld and heat affected zone). 
c. Weld joint cracking history. 
d. Stresses placed on the bottom plates by roof support loads 
:md shell settlement. 
e. Underside corrosion (normally in the form of pining). 
f. Inadequate dn1inage resulting in surfa~:e water flowi ng 
under rhe tank bottom. 
g. The Jack of an annular plate ring when required. 
h. Uneven settlement that results in high localized stresses in 
the bottom plates. 
i. Roof support columns or other .supports welded to the tank 
bottom where aJequate allowance. for movement was not 
m<lde_ 
j. Rock or gravel foundation pads with inadequately fi lled-in 
surfc1ce voids. 
k. Nonhomogeneous fill under the tank bottom (for example, 
a lump of clay in a sand foundation pad). 
L Inadequately supported ~umps. 

4.4.3 Cathodic Protection of Tank Bottoms 

A selection basis for cathodic protection systerus for the 
underside of tank bottoms is covere,d by API RP 65 1. 

4.4.4 Internal Lining Protection ofTank Bottoms 

Applied lini ngs for internaJ surfaces of tank bottoms are 
covered by AP1 RP 652. 

4.4-5 Sottom Leak Detection 

If a rank bottom is lobe replaced, consideration should be 
given to installing a leak detection (!'ell-tale) system that will 
channel any leak in the bottom to a location where it can be 
readily observed from the outside of the tank.5 
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4.4.6 Bottom Plate Thickness Measurements 

Various methods for detennining rank bottom plate soilside 
corrosion are available. The methods vary ro the extent by 
which tlley can reliably measure general corrosion and pitting. 
A combination of these methods may be required along with 
extrapolation techniques and an::i.lysis to establish the probable 
conditions of the entire tank bottom. Magnetic flux leakage 
(MFL) tools are commonly used, along with ultrasonic (UT) 
rhickness mew;urement tools, to examine nmk bortoms. Ultra
sonic thickness measurement techniques are often used ro 
confim1 and further quantify data obtained by MFL examina
tion. but these tech11iques may not be required depending on 
t·he specific procedure and npplication. The quality of data 
obtuine<.l from both MFL and ultrasonic thickness techniques 
is dependent on personnel, equipment and procedures. 
Appendix G may be used to provide guidance in qualifying 
personnel and procedures for obmlning thickness data. 

4.4.7 Minimum Thickness for Tank Bottom Plate 

Quantifying the minimum remaining Lbkkness of tank b\lt
toms based on the results of measurement can be done by the 
method outlined in 4.4.7.1. Other approaches such as the 
probabilistiC' methOd in 4.4.7 .2 may be used. 

4.4.7.1 Au acceptable method for calculating the minimum 
acceptable bottom thickness for the entire bottom or portions 
thereof is as follow!>: 

MRT=(Minimum of R1'pc or RT/fJ)- 0,. (SrP,+ UP,) 

where 

MRT = mmtmum remaining thickness at the en<.l of 
interval 0,. This value must meet the require
ments ofTable 6-1 and 4.4.7 .4 and 4.4.8. 

Or =- in-service inrerval of operation (years to next 

internal inspection) not 10 exceed that allowed 
by 6.4.2. 

R1/11: mtntmunl remaining thickness trom bottom 

side corTosion after repairs. 

5f or existiug tunk~. API ~uppons the use of a Release Prevent ion Systc:m 
(RPS). fhc rerm RPS rulers w the suite nf API standards thllt are designed 
tt) matnr:;.,n aboveground storage t<mk illlei!rity anl.l thus protect the environ· 
mcnt. These are: the frcqucnry nf internal insf)dt:tions: liniltg the bouom uf 
ttte runk interi<)r, tilling the tank whh Rcl ea~e Pre.venliuo Burriers (RPB~); 
i nstalliug rathooic protecti• ons; or ,,orne comblmuion of these mensure~.ll<> 
pending nn the uperating environment :omd service of the t<tnk. 

If '' decision is m<•de w replace an exlsllng lx)ltom, API support s the 
ewlmHion of' in~tnlling an RPB or coruinued use uf un RPS. The ev<~luation 
~hould Cf'llsider the cfrecriveucss uf RPS C:<Jntrols, the prmhu:.:t stored, th~ 
location of the tank. and envi mnmental ~CJJsi ti vitles. An RPB include$ ~teel 
bottom~. synthetic mmerials, day liners, :uuJ ttll other barrier$ or combimt· 
rion of barrier.; pla<!ed in the bo1tt1m IJf or uncler an <tbovegmunJ s to111ge 
Tank. which have the functions ol': J) pl'eventlng the escape of contaminated 
rnarerial; :mtl 2) contaiJ11ng or channeling released mmerii!l for lcuk detec
tion lwveretl in detai l in the non-mand:uory Appendix I of StJ 650). 

RT;1, rnmmJUm remaining thiekne$S from int·emal 

corrosion after repairs, 

~tP, = maximum rate of corTosion not repaired Oll the 

top side. StPr =- 0 for coated areas of the bot

tom. The expected life of the coating must 
equal or exceed 0,. to use SLP, = 0, 

UPr = maximum rate of corrosion on the bollom 
side. To calculate the cotTosion rate. use the 
minimum remaining thickness after repairs. 
Assume a linear rate based on the age of the 
tanks. UPr = 0 f()r areas tbut have effective 
cathodic prc.)tection. 

Note: Ft;>r areas of a boltom that have been scanned 
by the magnetic tlu,x leakage (qr excl usion) process. 
and do nol have effective cathodic protection. the 
thickness used for calculating UP, must be the lesser 
of the MFL threshold or the minimum thickness of 
corrosion arettS that are not repairet.l. The MFL 
threshold is defined as the minimum remaining 
(hickne!'s to be detected in the areas inspected. n,is 
value should he predetem1ined by the tank owner 
pased on the desired inspection intervaL 

Areas of bonom side corrosion that are rep<tjred 
sh~>uld be evaluated with the corrosion rate for the 
repaired area unless lhe cause of corrosion lws been 
removed. The evaluatinn is done by using the corro· 
sion mte of the repaired area ro r UP,, and ;tdding the 
patch plate (if used) thickness to the tenu "minimum 
of RT,..c or R7i1,:• 

Note: Corrosion of the botrom plare includes loss of metal from iso
lated or gcnerul corrosion. 

4.4. 7.2 For the probabi listie method, a statistical analysis is 
made of thickness t.lata from meqsurements (see 4.4.6) pro
jecting remaining thickness, based on sample. scanning of the 
bottom. 

4.4. 7.3 If the ruini.mum bottom thicknesses, at the end of the 
in-service period of operation, are calculated to be less than the 
minimum bottom renewal thicknessef; given in Table 6- l , or 
less than the minimum bottom renewal thicknesses providing 
acceptable risk as detennineu by a risk-based inspection meth
odology, the bottom shall be lined, repairetl, replaced, or the 
interval ro the next internal inspection shonened. 

4.4.7.4 Unless a stress analysis is petformcd, the minimum 
bottom plate rl1ickness in the critical zone of the rank bottom 
defined in 9. 10. 1.2 shall be the smaller of 1/2 the original bot
torn plate thiclmess (not including the original corrosion 
allowance) or 50 percent of /111;11 of rhe lower shell course per 
4.3.3. J but not less than 0.1 iJl. Js~,1l ated pittjng will not appre
ciably affect the ::;trength of the plate. 

4.4.7.5 The rep<l ir of intemal pitting, when pelformed to 
extend the in-service pedod of operation. 5hall be by pit 
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welding. overlay welding, or lap patching, followed by 
inspection and testing. 'n1e extent of weld repairs is lirnltell in 
the critical zone in accordance with 9. 10. 1.2. 

4.4.7.6 The treatment of bottom pitting by the use of non
welded repairs (for example, coatings. caulking) can not be 
used to increase R1ip for calculating MRT 

4.4.7.7 The thickness of the projection of the bottom plate 
beyond the shell as mea~ured at the toe of the outside bottom
to-shell fi llet weld shall not be less than 0.1 in. The projection 
of the bottom plate beyond tJ1e outside toe of the shell-to-bot
torn weld shell shall be at least 3t8 in. 

4.4.8 Minimum Thickness for Annular Plate Ring 

4.4.8.1 Due to strength requirements. the minimum 
thickness of annular plate ring is usually gTeater than 0. 10 
in . Isolated pitting will not appreciably affect the strength 
of the plate. Unless a stress analysis is performed. the annu
lar plate thickness shall be in accordance with 4.4.8.2 or 
4.4.8.3, as applicable. 

4.4 .8.2 For tanks in service with a product specific gravity 
less tban 1.0, which require annular plates for other than seis
mic loading considerations, rhe thickness of the annular 
plates shall be not less than the thicknesses given in Table 4-4. 
plus any specified corrosion allowance. 

4.4.8.3 For tanks in service with a product specific gravity 
of 1.0 or greater, which require annular plates tor other than 
seismic loading considerations, the thickness of the annular 
plates shall be in accordance with API Stu 650, Table 3-1, 
plus any specified corrosion allowance. 

4.4.8-4 For tanks that utilize thickened aJJnular plates for 
seismic considerations. a seismic evaluation shall be perfonned 
in accordance with the requirements of the applicable standard, 
using the actual lhickness of the existing annular plate. 

4.4.8.5 For the thicJ..'T!ess anti projection of the annular 
plate beyond the shell refer to 4.4. 7 _7. 

4-5 TANK FOUNDATION EVALUATION 

4.5.1 General 

4,5_1_1 The principal causes of foundation detel'iOr;ttion 
are settlement, erosion, cracking, and dete1ioration of con
crete iniriated by: calcining. anack by underground water, 
attack by frost, and attack by alkalies and acids. To ensure 
suitability for service, all tank foundations shall be inspected 
periodically (see 6.3). 

4.5-1.2 Some mechanisms of concrete deterioration are 
briefly described below: 

<t. Calcining (loss of water of hydration) can occur whtm con· 
crete has been exposed to sufficiently high temperature for a 

Table 4-4-Annular Bottom Plate Thicknesses (in.) 
(Product Specific Gravity< 1.0) 

Plate Thickness11 
Stressb in First Shell Course 

of Firsr Shell 
(lbf/in.2) 

Course (in.) < 24,300 <27,000 < 2.9,700 < 32,400 

1 s0.75 0.17 0.20 0.23 0.30 

0.75 <I s 1.00 0.17 0.22 0.31 0.:18 

I .00 < r s 1.25 O.t7 0.26 0.38 0.48 

1.15 <I s L50 0.22 0.34 0.47 0.59 

I > 1.50 0.27 0.40 0.53 0,68 

Note: The thicknesses specified in the lable are based on the foum.la
rion providing a uniform support under the full width of the annular 
plate. Unless the foundation is propt:rly l:Ompacted, panicularly at 
the insi<.le of a connete ringwall. senlernent will produce additional 
slresses in the annular plate. 
nplate tltiek11ess rerers to the mnk shell as construcled. 
11Stresses are calculated from 12.34 0 (11- t)flt. 

period of time. During intermediate cooling periods, the con
crete can absorb moisture. swelL lose its strength, Rnd crack. 

b. Deterioration of concrete exposed to underground water 
can be caused by chemical attack. by cyclic changes in rem
perature, and by freezing moisture. 
c. Expansion of freezing moisture in porous concrete, or in 
concrete with minor settlement cracks or temperature cracks. 
can result in spalling and/or the development of serious struc
rural cracks. 
d. Sulfate-type alkalies. and to a lesser extent. chlorides, can 
act corrosively to destroy the bond of the concrete. 
e. Temperature cracks (hairline cracks of unifom1 width) do 
not seriously affect the strength of the concrete foundation 
structure; however, these cracks can be potential access points 
for moisture or water seepage that could eventually result in 
corrosion of the reinforcing steeL 

4.5.2 Foundation Repair or Replacement 

4.5.2.1 lf there is a need for foundation repair or replace
ment. foundations shall be restored to the tolerance limits 
of 10.5.6. 

4.5.2.2 Concrete pads, ringwaJis, and piers, showing evi
dence of spalling. structttral cracks, or general deterioration, 
shull be repaired to prevent water from entering the concrete 
stn1cture and corroding the reinforcing steel. 

4.5.3 Anchor Bolts 

Distortion of anchor bolts and excessive cracking of the 
concrete structures in which they ure embedded may be indi
cations of either serious foundation settlement or a tank over
pressure uplift condition. 



SECTION 5-BRITILE FRACTURE CONSIDERATIONS 

5.1 GENERAL 

This section provides a procedure for the assessment of 
existing tanks for suitability for continued operation 01' 
change of service with respect to the risk of brittle fracture 
and does nor supplement or replace the requirements of Sec
tion 10 for the hydrostatic testing of repaiJ·ed, modified, or 
reconstructed tanks. The procedure applies to both welded 
and riveted tanks; however, the procedure is based primarily 
on experience and data obtained from welded tanks. 

5.2 BASIC CONSIDERATIONS 

A decision tree, Figure 5-1, is used to present the assess
ment procedure for fa ilure due to brittle fracture. The decision 
tree is based on the following principles: 

5.2.1 In all repo1ted incidents of tank failure due to brittle 
fracture, failure occ.:un-ed either shortly after erection during 
hydrostatic testing or on the first tilling in cold weather. after 
a change to lower temperature service, or after a repair/alter
ation. This experience shows that once a t·ank has demon
strated the ability to withstand the combined effects of 
maxilnum liquid level (highest stresses) and lowest operating 
temperature without failjng, the risk of failure due to brittle 
fracture with continued service is minimal. 

5.2.2 Any change in service must be evaluated to deter
mine if it increases the risk of failure due to brittle fracture. In 
tl1e event of u change to a more severe service (such as operat
ing at a lower temperature or hancUing product at a higher 
specific gravity) it is necessary to consider r:he need for a 
hydrostatic test to demonstrate fitness for a new more severe 
service. The fo llowing aspects should be considered: 

a. The likelihood of repairs/alterations since the origi nal 
hydrostatic test not meeting requirements of this standard, 
b. Deterioration of the tank since original hydrostatic test. 

~3 ASSESSMENTPROCEDURE 

The assessment procedure as illustrated in Figure 5-1 shall 
be used for evaluating aboveground atmospheric storage 
tanks in petroleum and chemical services. Each of the key 
steps, numbered I through 1. I on the decision tree, coJTe
spond sequentjaJly to the explanations provided below. 

5.3.1 These tanks meet the API Std 650 (seventh edition or 
later) requirements to mLnimize the risk of failure due to brit
tle fracture. Tanks may al<;o be shown to meet the toughness 
requirements of API .Stcl 650 (seventh edition or later) by 
impact testing coupon samples from a representative number 
of shell plates. 
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5.3.2 Many tanks that continue to operate successfully in 
the same service were not built to the requirements of API 
Std 650 (seventh euition or later). These tanks are potentially 
susceptible to failure due to brittle fracture and require an 
assessment as illustrated by the decision tree. 

5.3.3 For the purpose of this O'lSSessment, hydrostatic test
ing denionstrates that an aboveground atmospheric storage 
tank in a petroleum or chemical service is fit for continued 
service and at minimal risk of failure due to brittle fracture, 
provided that all governing requirements for repairs, alter
ations, reconstruction, or change in service are in accor
dance with this standard (including a need for hydrostatic 
testing after major repairs. modifications or reconstruc
tion). The effectiveness of the hydrostatic test in demon 
strating fitness for continued service is shown by industry 
experience. 

5.3.4 If a tank shell thickness is no greater than 0.5 in., the 
risk of failure due to brittle f racture is minimal , provided 
that an evaluation for suitability of service in accordance 
with Section 4 has been performed. The original nominaJ 
thickness for the thickest tank shell plate shall be used for 
this assessment. 

5.3.5 No known tank failures due to brittle fracture have 
occurred at shel l metal temperatures of 60°F or above. Simi~ 
lar assurance against brittle fracture can be gained by increas
ing the metal temperature by heating the tank contents. 

5.3.6 Industry ex perie.nce and laboratmy tests have shown 
that a membrane stress in tank shell plates of at least 7 ksi is 
required to cause failure due to brittle ftacture. 

5.3.7 Tanks constn1<.:ted from steels listed in Figure 2- 1 of 
API Std 650 can be used in accordance with their exemption 
cuJ"Yes, provideJ that an evaluation for suih\bility of service in 
conf01mance with Section 4 of this standard has been per
formed. Tanks fabricated from steels of unknown toughness 
thicker than lf2 in. and operating at a shell metal temperature 
below 60°f can be used if the tank meet'> ~1e requirements of 
Figure 5-2. The original nominal thickness for thickest tank 
shell plate shall be used for the assessment. For unheated 
tanks, the shell meta.! temperature shall be the design metal 
temperature as defined in API Std 650, 2.2.9.3. 

5.3.8 'D1e risk of failure due to brittle fracture is minimal 
once a tank has demonstrated that it can operate at a specifi ed 
maximum liquid level at the lowest expected temrerature 
without failing. Forthe purpose ofthis assessment, the lowest 
expected temperature is defined as the lowest (-day mean 
temperature as shown in Figure 2-2 of APl Std 650. It is nec
essary to check tank log records aud meteorological record!> 
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Figure 5-2-Exemption Curve for Tanks Constructed from Carbon Steel of Unknown Toughness 

to ensure that the tank had operared at the specified maximum 
liquid level when the 1-day mean temperawre was as low as 
shown in API Std 650, Figure 2-2. 

5.3.9 An evaluation can be performed to establish a safe 
operating envelope for a tank based on the operating history. 
This evaluation shall be based on the most severe combina
tion of temperature and liquid level experienced by the tank 
during its life. The evaluation may show that the tank needs to 
be rerated or operated differently; several options exist: 

a. Restrict the liquid level. 

b. Restrict the minimum metal temperature. 

c. Change the service to a stored product with a lower spe
cific gravity. 

d. Combinations of a, b, and c. above. 

The owner/ope111tor can also make 11 more rigorous analy
s i~ to detenninc the risk of failure due to brittle fracture by 
performing a fracture mechanics analysis based on estab
lished principles and practices. The procedures and accep
tance criteria for conducting an alternative analysis are not 
included in this standard. 

5.3.1 0 All repairs, alterations, and relocations shall be 
made in compliance with this st~u1dard . 

5.3.11 An assessment shall be made to detennine if the 
change in service places the tank at greater risk of faiJure due 
to brittle fracture. The service can be considered more severe 
and create a greater risk of brittle fracture if the service temper
ature is reduced (forexmnple, changing from heated oil service 
to ambient temperatme product), or the product is changed to 
one with a greater specific gravity and thus increased stresses. 



SECTION 6-INSPECTION 

6.1 GENERAL 

Periodic in-service inspection of tanks shall be performed 
as defined herein. The purpose of this inspection is 1o assure 
continued tank integrity. Inspections. other than those defined 
in 6.3 shall be directed by an authorized inspector. 

6.2 INSPECTION FREQUENCY CONSIDERATIONS 

6.2.1 Several factors must be considered to determine 
inspection intervals for storage tanks. These include, but are 
not limited to, the following: 

a. The nature of the product stored. 
b. The results of visual maintenance checks. 
c. Corrosion allowances and corrosion rates. 

d. Corrosion prevention systems. 
e. Conuitions at previous inspections. 
f. T he methods and materials of construction ru1d repair. 
g. The location of tanks, such as those in isolated or high risk 

areas. 
h. The potential risk of air or water pollution. 
i. Leak detection systems. 
j. Change in operating mode (for example: frequency of fill 
cycling. freque(l t grounding of Roaring roof support legs). 
k. JLLrisdictionnl requirements. 
I. Changes in service (includ ing changes in water bottoms). 
m. The existence of a double bottom or a release prevention 
barrier. 

6.2.2 The interval between inspections of a tank (both 
internal and ex ternal} should be determined by its service his
tory unless special reasons indicate. that an earlier inspection 
must be made. A history of the service of a given tank or a 
tank in simi lar service (preferably at the same site) should be 
available so that complete inspections can be scheduled with 
a frequency commensurate with the corrosion rate of the tank. 
On-stream, nondestntctive methods of inspection shall be 
considered when establishing inspection frequencies. 

6.2.3 Jurisdictional regulations. in ome cases, control the 
frequency and interval of the inspections. These regulations 
may include vapor loss requirements. seal C<)tHlition, leakage, 
proper diking. and repair procedures. Knowledge of such reg
ulations is necessary to ensure compliance with scheduling 
and inspection requirements. 

6.3 INSPECTIONS FROM THE OUTSIDE OF THE 
TANK 

6.3.1 Routine In-Service Inspections 

6.3.1.1 The external condition of the lank shall be moni
tored by close visual inspection from the ground on a routine 
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basi!\. Th is i.nspection may be done by owner/operator per
sonnel, and c~u1 be done by other than aurhorized inspectors 
as <.lefined in 3.5. Personnel performing this inspection should 
be knowledgeable of the storage facility operations, the tank, 
and the characteristics of the product stored . 

6.3.1.2 The interval of such inspections shall be qJnsistent 
with conditions nt the particular s ite. but shaU not exceed one 

month. 

6.3.1.3 This routine in-service inspection shall include a 
visual inspection of the tank ·s exterior surfaces. Evidence of 
leaks; shell disto11ions: signs of settlement; corrosion; and 
condition of the foundation , paint comings, insulation sys
tems, and appurtenances should be documented for follow-up 
action by an authorized inspector. 

6.3.2 Externallnspection 

6.3.2.1 All tanks shall be given a visual external inspection 
by an authorized inspector. This inspection shall be caJled the 
external inspection ru1d must be conducted at least every 5 
years or RCAI4N years (where RCA is the difference between 
the measured shell thickness and the Jninimum required 
thickness in mils. ::md N is the shell corro!>ion rate in nlils per 
year) whichever is less. Tanks may be in operation during this 
inspection. 

6.3.2.2 l nsulatetl tanks need to have insulation removed 
only to the extent necessary to determine the condition of the 
extetior wall of the tank or the roof. 

6.3.2.3 Tank grounding system components such as shunts 
or mechanical connections of cables shall be visually 
checked. Recommended practices dealing with the preven
tion of hydrocarbon ignition are covered by API RP 2003-

6.3.3 Ultrasonic Thickness Inspection 

6.3.3.1 Extemal. ultrasonic thickness measurements of the 
shell can be a means of determining a 1<1te of unifonn general 
COtTOsion while t·he tank is in service, <md can provide an 
indication of rhe integrity of the shell. The extent of sucb 
measurements shall be determined by the owner/operator. 

6.3.3.2 When used, the ultrasonic thickness measurement!> 
shall be made at intervals not to exceed the followi ng: 

a. When the corrosion rate is not known, the maximum inter
val shall be 5 years. Conosion tares may be estimated from 
tanks in similar service based on thickness measurements 
taken at an interval not exceeding 5 years. 
b. When the corrosion rate is known, the maximwn interval 
shall be the smaller of RCA/2N years (where RCA is the dif
ference betweeo the measured shell thickness and the 
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minimum required thickness In mils. and N is the shell corro
sion rate in mils per year) or 15 years. 

6.3.3.3 Luternalinspection of the tank shell, when the tank 
is our of service. can be substituted for a program of external 
ultrasonic thickness measurement if the internal inspect-ion 
interval is equal to or less than the interval required in 
6.3.3.2b. 

6.3.4 Cathodic Protection Surveys 

6.3.4.1 Where exterior tank bottom corrosion is controlled 
by a cathodic protection system. periodic surveys of the sys
tem shall be conducted in accordance with APT RP 65 t. The 
owner/operator shall review the survey results. 

6.3.4.2 The owner/operator shall assure competency of 
personnel performing surveys. 

6.4 INTERNAL INSPECTION 

6.4.1 General 

6.4.1.1 Internal inspection is primarily required to: 

a. Ensure that the bottom is not severely con·oded and 
leaking. 
b. Gather rhe data necessary for the minimum bottom and 
sheU thickness assessments detailed in Section 6. As appl ica
ble, these data shall also take into account external ultrasonic 
thickness measurements made during in-service inspections 
(see 6.3.3). 
c. ldemify and evaluate any lank bottom settlement 

6.4. L2 All tanks shall have a forma l jntemal inspection 
conducted at the intervals Jefined by 6.4.2 or 6.4.3. The 
authorized inspector who is responsible for evaluation of a 
tank must conduct a visual inspection and assure the quality 
and completeness of the NDE results. If the internal inspec
tion is required solely for the purpose of detennining the con~ 
clition and integrity of lhe tank bottom, the intemaJ inspection 
may be accomplished with the tank in-service utilizing vari
ous ultrasonic robot·ic thickness measurement and other on
stream inspection methods capable of assessing the thickness 
of the tank bottom. in combination with methods capable of 
assessing Hulk bot1om integrity as described i11 4.4.1. Electro
magnetic methods may be used to supplement the on-stream 
ultrasonic inspection. If nn in-service inspection is selected. 
the data and information collected shall be ~ufficient to evalu
ate the thickness, corrosion rate, and integrity of the tank bot
tom and establjsh the internal inspection interval. based on 
tank bottom thickness, corrosion rate. and integrity, utilizing 
the methods included in this standard. An individuaJ. kn0Wl
edgeable and experienced in relevant inspection methodolo
gies, and the authorized inspector who is responsible for 
evaluation of a tank must assure the quality and completeness 
of the in-service NDE results. 

6.4.2 Inspection Intervals 

6.4.2.1 Intervals between internal inspections shall be 
determined by the corrosion rates measured during previous 
inspections or anticipated based on experience with tanks in 
similar service. Normally, bottom corrosion rates will control 
and the inspection interval will be governed by the measured 
or anticipated cusTosion rates and the calculations for mini
mum required thickness of tank bottoms (see 4.4.7). The 
actual inspection interval shall be set to ensure that the bot
tom plate mjnimum thicknesses at the next inspection are not 
less than the values listed in Table 6-1. In no case, however. 
shall the intemal inspection interval exceed 20 years. 

6.4.2.2 When corrosion rates are not known and s imilar 
service experience is not available to estlmate the bottom 
plate minimum thickness at the next inspection. the internal 
inspection interval shall not exceed I 0 years. 

6.4.3 Alternative Internal Inspection Interval 

As an altemHtive t-o the procedures in 6.4.2, an owner-oper
ator may establish the internal inspection interval using risk
based inspection (RBI) procedures. CombiniJJg the assess
ment of the I ikel ihoou of tank l e:~kage or failure and the C<)n
sequence of tank leakage or failure is the essential element of 
RB I. A RBI nssessmenl may increase or decrease the intemal 
inspection intervals obtained using the procedures uf 6.4.2.1. 
The RBt process may be used to establish as acceptable 1'11c 
risk of a minimum bottom plate thickness at the next inspec
tion interval independent of the values in Table 6- L The RB I 
<1ssessment may also increase or decrease the 20-year inspec
tion interval described in 6.4.2.1. The initial RB I assessment 
shall be reviewed and approved by an authorized inspector 
and an engineer(s). knowledgeable ru1d experienced in tank 
design (including tank foundations) and corrosion. The RBl 
assessment shall be sllbsequently reviewed and approved by 
an authorized inspector and an engineer(s), knowledgeable 
and experienced in tank design (including tank 1'0undations) 
and con-osion, at intervals not to exceed I 0 years, or more 
often if wananted by changes in service. 

Some of the factors that should be considered in a RBI 
assessment of a tank include rhe following: 

a. The material of construction. including liners and coat
ings, relative to the product temperature and ambient 
conditions. 

b. The design t;Oues or standards utilized iu the tank con
struction and repair (including tank bottoms). 

c. The methods used for determination of the shell and bot
tom plate thickness. 

d. The availability and effectiveness of the inspection meth
ods and quality of the datu collected. 

03 
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Table 6~ 1 -Bottom Plate Minimum Thickness 

Minimum Bottom 
Plate Thicknessa at 
Nel(tlnspection Tank Bottom/ 

(in.) Foundation Design 

0.10 Tank botlom/foundation design with no 
means for detection and conhlinment of a 
bouom leak. 

0.05 

0.05 

Note: 
<~see4.4.7 

Tank bottom/foundation design with means 
to provide detection and containment of H 

bottom leak. 

Applied tank bottom reinforced lining. 
> 0.05 in. thick, in accordance with 
API RP 652. 

e. The an~dysis methods used to determine the product s ide, 
soil s ide, and external corrosion rates and the accttnlcy of 
these methods and corrosion rates. 

f. The availability, accuracy, and need for leak detection 
methods and procedures. 
g. The effectiveness of corrosion mitigation methods. such as 
cathodic protection systems. liners, and coatings. 
h. The quality of the maintenance, including previous 
repairs. 
i. The probability of and type of fai lure, i.e. , s low leak to the 
environment, tank bottom rupture or tank shell brittle 
fracture. 

j . The environme ntal consequence and likelihood of a tank 
leak or failure. 

Historic tank leakage and failure data and information will 
also be important for this assessment. 

It is essential that all RBI assessment·s be conducted by 
trained, qualified indivit.luals knowledgeable in RBI method
ology. and knowleJgeable and experienced in tank founda
tion design, construction, and corrosion. RB I assessments 
shall be thoroughly documented, clearly de fining aJI the t~'lc
tors contributing to both the likelihood and consequence of 
tank leakage o r failure. 

After an effective RBI assessment is conJucted. the results 
can be u~ed to establish a tank inspection s trategy and better 
define the most appropriate inspection method~. appropriate 
frequency for internal, external and on-stream inspections. 
and prevention and mi~igation steps to reduce the likelihood 
and consequence o f a tank leak or failure . 

6.5 ALTERNATIVE TO INTERNAL INSPECTION TO 
DETERMINE BOTTOM THICKNESS 

In cases where construction. s ize. or other aspects allow 
extemal access to the tank bonom to determine bottom thick-

ness. an external inspection in lieu of an intemal inspection is 
allowed to meet the data re.quirements of Tnble 6- 1. However. 
in these cases, consideration of other maintenance items may 
dictat·e intemal inspection intervals. This alternative approach 
shall be documented and made part of the permanent record 
of the tank. 

6.6 PREPARATORY WORK FOR INTERNAL 
INSPECTION 

Specific work procedures shall be prepared and followed 
when conducting inspections thHt will assure personnel 
safety and health and prevent property damage in the work
place (see 1 .4). 

6.7 INSPECTION CHECKLISTS 

Appendi.x C provides sample checklist~ of items for con
sideration when conducting in-service and out-o f-service 
inspections. 

6.8 RECORDS 

6.8.1 General 

rnspection records form the basis of a scheduled inspec
tionlmaintenan(;e program, (It is recognjzed that records may 
not exist for older tanks, and judgments must be b:-~sed on 
experience with tanks in similar services.) The owner/opera
tor ~hall maintain a complete record file consisting of three 
types of records, namely: construction records, inspection 
history, anti repair/alteration history. 

6.8.2 Construction Records 

Construction records may include nameplate information, 
drnwings, specifications. constmction completion repcut, imd 
any res tllts of material tes ts and analyses. 

6.8.3 Inspection History 

The inl'pection his tory includes all measurements taken, 
the condition of all parts inspected, and a ret:ord of all 
examinations and tests. A complete description of any 
unusual conditions with recommendations for correction of 
detnjls which caused j·he mnditions shall also be included. 
This file w ill also contain corrosion r11te and inspection 
interval calculations. 

6.8.4 Repair/Alteration History 

The repair/alteration history includes all data accumulated 
on a Lank fro m the time of its constructton with regard to 
repairs, alterations, replacements. and service changes 
(recorded with service condit ions such as stored product tem
perature and pressure). These records should include the 
results of any experiences with coatings and linings. 
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6.9 REPORTS 

6.9.1 Reports recommending repairs shall include reasons 
for the repairs. and sketches showing location and extent. 

6.9.2 General inspection reports shall include metal thick
ness measurement, conditions found. repairs, any settlement 
meastlrements, and recommendations. 

6.10 NON-DESTRUCTIVE EXAMINATIONS 

Personnel perfonning nondestmctive examinations shall 
meet the qualifications identified in 12.1.1.2, but need not be 
certified in accordance with Appendix D. The results of any 
NDE work, however, must be considered in the evaluation of 
the tank by an authorized inspector. 



SECTION 7-MATERIALS 

7.1 GENERAL 

This section provides general requirements for lhe selec
tion of materials for the repair. alteration. and reconstntction 
of existi11g tanks. Specific requirements for repairs and alter
ations are covereu in Section 9. 

7.2 NEW MATERIALS 

All new materials used for repair, alterations. or recon
struction shall conform to current applicable tank standards. 

7.3 ORIGINAL MATERIALS FOR 
RECONSTRUCTED TANKS 

7 .3.1 Shell and Bottom Plates Welded To The Shell 

7.3.1.1 All shell plate materials and bottom plates welded 
to the shell shall be identified. Materials identified by original 
contract drawings, API name plates, or other suitable docu
mentation do not require fw1her identification. Material not 
identified shall be tested and identified by the requirements as 
outlined in 7.3.1.2. After identification. detennination shall be 
made as to suit<~bility of the material for intended service. 

7.3.1.2 Each individual plate for which adequate identifica
tion does not exist shall be subjected to chemical analysis and 
mechanical tests as required in ASTM A 6 and A 370 includ
ing Charpy V-Notch. Impact values shall satisfy the require
ments of API Std 650. When the direction of rolling is not 
definitely known, two tension specimens shall be taken at right 
angles to each other from a comer of each plate, ~md one of 
those. test specimens must meet the specification requirements. 

7.3.1.3 For known materials. all shell plates and bottom 
plates welded to the shell shall meet, as a miJ1in1tJ111, the 
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chemjstry Md mechanical properties of material specHied for 
the application with regard to thickness and design metal tem
perature given in API Standard 650. 

7.3.2 Structural 

Existing rolled swcturaJ shapes that are to be reused 
shall meet the requirement of ASTM A7 as a minimum. 
New structural material shall meet the requirements of 
ASTM A 36 or A 992 as a minimum. I 01 

Note; ASTM A 7 was a steel specification that was discontinued in 
the Fourth Edition of API Std 650, 1970. 

7.3.3 Flanges and Fasteners 

7.3.3.1 Flange material sh:.ll meet the minimum require
ments of the material specifications in the original standard of 
construction. 

7.3.3.2 Fasteners shall meet the material specifications of 
the current applicable standard. 

7.3.4 Roof, Bottom, and Plate Windgirders 

lf e~isting plates are to be usetl to rec(.)nstruct the tank, they 
shaU be checked for excessive corrosion and pitting. (See 
Sections 4 and 6.) 

7.4 WELDING CONSUMABLES 

Welding consumnbles shall confom1 to the AWS5 clasl.ifi
carion rhat is applicable to the intended use. 

5 American Welding Society, 550 N. W. LeJeune Road. Miami, 
Florida 33135, www.aws.org. 
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SECTION 8-DESIGN CONSIDERATIONS FOR RECONSTRUCTED TANKS 

8.1 GENERAL 

Any specific design considerations otber than nonnal prod
uct landing shall be specified by the owner/operator. Refer to 
4.4.5, footnote 3. for release prevention systems and release 
prevention barri~r defi nitio11. 

8.2 NEW WELD JOINTS 

8.2.1 Weld joint details shall meet the welding require
ments of the applicable standard. 

8.2.2 All new shell j()into; shall be butt-welded joints with 
complete penemttion and complete fusion. 

8.3 EXISTING WELD JOINTS 

Existing weld joints sht~ll meet the requiremems of the 
original standard of constmction for the tank. 

8.4 SHELL DESIGN 

8.4.1 Thickness to be used for each shell course when 
checking tank design shall be based on measurements taken 
within 180 days p1ior to relocation. (See 4.3.2 for measuring 
procedure, number, and locations of measured thicknesses.) 

8.4.2 The maximum design liquid level for product shall be 
determined by calculating the maximum design liquid level 
for each shell course based on the specific gravity of the prod
uct, the :.ctwtl thickness measured for each shell course, the 
allowable stress for the material in each course, and the 
design method to be used. The aJ lowable stress for the mate
rial shall be determined using API Std 650, Table 3-2. For 
material not listed in Table 3-2, an allowable srress value of 
the lesser of 2; 3 yield strength or 2/s tensile strength shall be 
used. 

8.4.3 The maximum liquid level for hydrostatic test shall 
be determined by l1sing the actual thickness measured t·or 
e.1.ch shell course. the allowable stress for the muterial in each 
course, and the design method to be used. The allowable 
stre~s for the material sh:~ll be detennined using API Std 650, 
Table 3-2. For material not listed in Table 3-2, an allowable 
stress value of the lesser of 3/4 yield stTength or J;7 tensile 
strength shall be used. 

8.4.4 If a con·osion allowance is required for the recon
stmcted tank, the required corrosion allowance shall be 
deducted fl'\)111 the actual thickness before calculating the 
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maximum liquid level. If the actual thickness is greater than 
d1at necessary to allow the liquid level required. the extra 
thickness can be considered as corrosion allowance. 

8.4.5 The joint efficiency and allowable stress levels used 
for the design liquid level calculations shall be consistent 
with the design method used and with t.he degree and type of 
inspection made on welded joints. The joint efficiency and 
allowable stres~ levels for existing welded joints that are not 
to be removed ~mcl replaced shall be based on the original 
degree and type of inspection. 

8.5 SHELL PENETRATIONS 

8.5.1 Replacement and new penetrations shal.l be designed. 
detailed, welded, and examined to meet !he requirements of 
the curTent applicable standard. 

8.5.2 Existing penetrations shall be evaluated for compli
ance with th.e original standard of constructiOJl. 

8.6 WINDGIRDERS AND SHELL STABILITY 

8.6.1 Top and intem1ediate windgi.rders for open top tanks 
shall meet the requirements of the applicable srandard. 

8.6.2 Tanks to be reconstructed shall be checked for wind
induced buckling in accordance with the procedures of the 
applicable standard. using the wind requirements for the loca
tion where the tank will be reconstructed. 

8.7 ROOFS 

8.7.1 Roof designs shall meet the requirements of the 
applicable standard. 

8.7.2 If the new site location requires <1 larger design live 
load than the original site, the adequacy of the existing roof 
shall be evaluated. 

8.8 SEISMIC DESIGN 

Tanks that will be reconstructed in Seismic Zone 2 or 
greater (see API Std 650, Table E- j ) shall be checked for seis
mic stability based on the rules of the applicabJe standard 
using the dimensions and thicknesses of the reconstn1cted 
rant<. Reconstructed tanks shall be builL to meet the stability 
requirements of the applicable standard. T11ickened bottom 
plates under the bottom shell course or anchoring of the rank 
may be required even if not used on the original tank. 
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SECTION 9-TANK REPAIR AND ALTERATION 

9.1 GENERAL 

9.1.1 The basis for repairs and alterations shall be an APl 
Std 650 equivalence. 

9.1.2 Hydrostatic te:> ting requirements, nondestntcti ve 
examination requirements, acceptance criteria for the welus. 
and repairs to shell plate aud existing welds are specifi ed in 
Section 12. 

9.1.3 All repair work must be authorized by the autho
rized inspector Or an engineer experienced in storage tank 
tlesign. before commencement of the work by a repair orga
nization. Authorization for al terations to storage tanks tllaL 
comply with API Std 650 may not be given without prior 
consultarion with. and approved by, an engineer experi
enced in storage tank design. The authorized inspector will 
designate inspection hold points required during the repair 
or alteration sequence and minimum documentation to be 
submitted upon job completion. The authorized inspector 
may give prior general authorization for limited or routine 
repairs as long as the authorized inspector is sure that the 
repairs will not require l1ydrostatic testing or do not require 
an engineering evaluation. 

9.1.4 All proposed design, work executi(ln, materials, 
welding procedures, examination, and testing methods 
must be approved by the authorized inspector or by an 
engineer experienced in storage tank design. The autho
rized inspector or an engineer experienced in storage tank 
design shall approve all specifi ed repair and alteration work 
at the designated hold points and after repairs ;md alter
ations have been completed in accordance with the require
ments ofthi s standard. 

9.1.5 Appendix. F summarizes the requirements by method 
of examination and provides the acceptance standards, exam
iner qualifications. 1U1d procedure requirements. Appenuix P 
is not intended to be used alone to determine tl1e examination 
requirements for work covereu by this document. The spe
cific requirernents as lis ted in Sections I through 12 shall be 
followed in all cases. 

9.2 REMOVAL AND REPLACEMENT OF SHELL 
PLATE MATERIAL 

9.2.1 Minimum Thickness of Replacement Shell 
Plate 

The m1n1rnum thickness of the replacement shell plate 
material shall be calculated in accordance with the applica
ble standard. The th ickness of the replacement shell plate 
shalf not be less than the greatest nominal thickness of any 
plate in l'he same course adjoining the replacement plate 
except where the adjoinjng plate is a thickened insert plate. 
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Any changes from the original design comlitions, such as 
specific gravity, design pressure. liquid level. and ~hell 
height, shall be considered. 

9.2.2 Minimum Dimensions of Replacement Shell 
Plate 

9.2.2.1 The minimum dimension for a replacement shell 
plate is 12 in. or 12 times the thickness of the replacement 
plare, whichever is greater. The replacement plate may be cir
cular, oblong, square with rounded corners, or rectangular 
with rounded corners except when an entire she ll plate is 
replaced. Refer to Figure 9· I for typical details of acceptable 
replacement shell plates. 

9.2.2.2 Where one or more entire shell pla tes or full height 
segments of shell plates are to be removed and replaced, the 
minimum spacing requirements specified in Figure 9- l for 
vertical weld joints shall be maintained. It is acceptable to 
remove and replace entire shell plates or full height segments 
of shell plates by cutting and rewelding along the existing hor
izontal weld joints. Prior to welding the new vertical juints. 
the ex isting horizontal welds shall be cut for <t minimum dis
tance of 12 in. beyontl the new vertical joints. The vertical 
joints shall be welded prior to welding the horizontal joints. 

9.2.3 Weld Joint Design 

9.2.3.1 Shell replacement plates shall be welded with butt 
joints with complete penetration amJ complete fu~ ion . except 
as pem1itted for h-tpped patch shell repai.l's. 

9.2.3.2 Weld joint design for replacement shell plates shall 
be in accordance witl1 API Std 650, 3. 1.5.1 through 3. 1.5.3. 
Joints in lap-welded shetJ tanks may be repaired according to 
I he otiginal standard of constmction. Lap-welded joint design 
for lapped patch shell repairs shall meet the requirements of 
9.3. Details of welding shall be in accordru1cc with 5.2 of API 
Std 650. and Section 9 of this standard. 

9.2.3.3 For existing shell plates over 112-in. thick, the outer 
edge of the bull weld attaching the replacement shell plate 
shall be at least the greater of 8 times the weld thickness or I 0 
in. from the outer edge of any existiJJg butt-welded shell 
joints. For existing shell plates 1/'2-in. thick and less, the spac
ing may be reduced to 6 in. from the outer edge of vertical 
joints or 3 in. from the outer edge of horizontal joints. See 
Figure 9-1 for minimum dimensions. 

For existing shell plates over t/2-in. thick, the outer edge 
of rhe butt weld attaching the replacement shell plate shaJI 
be at least the greater of 8 times the weld size or I 0 in. from 
the edge (toe) of the fillet weld attachjng the bottom shell 
course to che bottom except when the replacemellt shell 
plate extends to and jntersects the bottom-to-shell joint at 
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approximately 90 degrees. For exis ting shell plates I /2-in. 
thick and less, this spacing may be reduced t·o 6 in. For shell 
plates of unknown toughness not meeting the exemption cri
teria of Figure S-2, the edge of any ve1t ical weld joint 
attaching a re placement plate shall be at 3 in. o r 51. from the 
edge of a we ld joint in the bottnm annular ring or weld 
joints in bottom plates under the tank shell. Figure 9-1 has 
min1mum dimensions. 

9.3 SHELL REPAIRS USING LAP-WELDED PATCH 
PLATES 

9.3.1 Lapped patch s hell repairs are an acceptable form 
of repair fo r butt-welded. lap-welded, and riveted tank 
shells, under the conditions outli ned in 9.3.2 . 9.3.3, and 
9.3.4; only when specifi ed by the owner. In addition, the 
repair details shall comply with the requirements of 9.3. I . I 
through 9.3.1.10. T hese repairs are permanent repairs sub
ject to an o ngoing inspection and maintenance program. 
These requirements may be used to evaluate existing 
Lapped patch shell rep;~ irs; however, the plate thickness lim
its need not apply. 

9.2.3.4 To reduce the potential for diston ion of au exist
ing tank due to welding a replacement plate into an existing 
tank shell, fit-up, heat input, and welding sequent:e must be 
considered . 

Not~.-; : 

Rr' ) ~l -- 
I {A } -l.vl 

·see 
Note2 

v 

- -~-- -----r-

.,,,,;,9 .~,.~ v I 
Bottom plate 

1 

v 

Minimum weld spacing between 
edges (toes) of welds for thickness 
of replacement shell plate. t. (inches) 

Dimension I s 0.5 inch 1 > 0.5 inch 

A 6 in. Greater of 6 in. or 61 
B 6 in. Greater of 10 in. or 81 
H 3 in. Greater of 10 in. or 81 

v 6 in. Greater of 10 in, or 81 

A 121n. Greater or 12 in. or 121 

c Greater of 3 in. or 51 

I . All weld intersections shall w at approximately 90°. 
2. Prior to welding new vertical joints. cui existing horizontal weld for a minimum <If 12 in. hcyond the new vertical 

joints. Weld the horizonml jolntlust. 
J . f>(iOr tu welding new venit:<.l l joints. cut existing shell -to-bottom weld for a minimum of 12 in. be)l<lnd the new 

wrticaljoints. The cut shall extend past or stop ~hort uf exi~ling bottom pktte welds by at le<~st 3 in. or 51. Weld 1111.' 
shell-lo-bouom weld l<t,;t. 

Figure 9-1- Acceptable Details for Replacement of Shell Plate Material 
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9.3.1.1 All repair material shall comply with the require
ments of the applicable standard t>f construction and API 
Std 653. 

9.3.1.2 Lapped patch shell repairs shall not be used on 
any shell course thickness (original construction) that 
exceeds 1/2 in. , nor to replace doors heels or shell platel;. 

9.3.1.3 Except as pem1itted in 9.3.3.2 and 9.3.4.3, the 
repair plate material shall be the smaller of 1/2 in. or the thick
ness of the shell plate adjacent to the repairs, but not less than 
3f l6 in. 

9.3.1.4 The shape of the repair plate may be circulaJ'. 
oblong, square, or rectangular. All comers . except at the shell
to-bottom joint, shall be rounded to a minimum radius of2 in. 
TI1e nozzle reinforcing plMe shapes of API Std 650 are also 
acceptable. 

9.3.1.5 The repair plate may cross any butt-welded vertical 
or hotizontaJ shell seams that have been ground Hush, but 
must overlap a minimum ot' 6 in. beyond t·he shell seam. The 
weld spacing requirements of Figure 9-1 shall be used as a 
basis for locating repair plates relative to bun-welded, fillet
welded, and riveted seams and other repair plates. 

9.3.1.6 Repair plates may extend to and intersect with rhe 
external shell-to-bottom joint if the vertical sides intersect the 
tanlc bottom at a 90-degree angle and the shell-to-bottom 
weld is in conformance with Figure 9-2. Repair plates posi
tione.d on the shell interior shaU be located such that the toe
to-toe weld clearances are a minimum of 6 in. to d1e shell-to
bottom weld. 

9.3.1. 7 The maximum vertical and horizontal dimension of 
the repair plate is 48 in. and 72 in., respectively. The mini
mum repair plate dimension is 4 in. The repair plare shall be 
fonned to the shell radius. 

9.3.1.8 Shell openings and their reinforcements shull not 
be positioned within a l;1pped patch shelJ repair. 

9.3.1.9 Prior to application of a lapped patch shell repair, 
the area:; to be welded shall be ultrasonically inspected for 
plate defects and remaining thickness. 

9.3.1.1 0 Repair plates shall not be lapped onto lap-welded 
shell seams, riveted shell seams, other lapped patch repair 
plates, distorted areas, or unrepaired cracks or defects. 

9.3.2 Lapped patch repair plates may be used for the clo
sure of holes caused by the removal of existing shell openings 
or t·he removal of severely corroded or c:rmled areas. In addi-

01 1 tion. the following requirements shall be satisfied. 

9.3.2.1 The welding shall be continuous on the outer 
pe1imetet of the repair plate and the inuer perimeter of the 
hole in the shell plate. The mjnimum hole diameter is 2 in. 
Shell openings due to plate removal shall have a minimum 
corner radius of2 in. 

T 

l 

Oeta'il A 

ForT> existing 
shell-to-bottom 
weld size 

Tank shell 

Repair Plate 

W = lesser of repair plate thickness 
or bottom plate thickness 

T 

Detail 8 

ForT"' exishng 
shell·to·bottom 
weld size 

Figure 9-2- Lapped Patch Repair Plates at the 
External Shell-to-Bottom Joint 

9.3.2.2 Nozzle neck.s and reinforcing plmes shaU be 
entirely removed prior to installation of a repair plate. 

9.3.2.3 The repair plate thickness selection shall be based 
on a design that eonfonns to the applicable standard of con
struction and API Stc..l653, using a joint efficiency nor exceed~ 
ing 0.70. The welds of the rcp:1ir plate shall be full fillet 
welds. The minimum repair plate dimension shall be 4 in. 
with a minimum overlap of I in. and a maximum overlap of 8 
times the shell thickness (8r). 

9.3.2.4 The repair plate thickness shall not exceed the 
nominal thickness of the shell plate adjacent to the repair. 

9.3.3 Lapped patch repair plates may be used to reiof()rce 
ureas of severely deteriorated shell plates that are not able tO 
resist the service loads to which the tank is to be subjected. 
Lapped parch repair plates may also be used for shell plates 
that are below the retirement thickness, providing the follow
ing addit.iooal requirements are satisfied. 
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9.3.3.1 The selection of the repair plate thickness shall be 
based on a design that conforms to the applicable standard of 
construction and API Std 653. usiug a joint efficiency nm 
exceeding 0.35. The perimeter weld shall be a full fillet weld. 

9.3.3.2 The repair plate thickness sha.ll not exceed the shell 
plate thickness at the petimetet· of the repair plate by more 
th ~u1 one-third, but no more than lfs in. The repair plate thick
ness shall not exceed t/2 in. 

9.3.3.3 The remaining strength of the deteriorated areas 
under lhe repair plate shall not be considered as effective in 
carrying the calculated service or hydrotest loads. 

9.3.4 Lapped patch repair plates may be used to rep:tir 
small shell leaks, or minimize the potential from leaks from 
severely isolated or widely scattered pitting if the following 
requirement-; are satisfied. 

9.3.4.1 The existing shell thickness. excluding the holes 
and pitting, meets the minimum acceptable shell thickness as 
determined by 4.3.2 am.14.3.3. 

9.3.4.2 The repair plate is designed to withstand the 
hydrostatie pressure load between the repair plate and the 
shell assuming a hole exists in the shell us ing a joint effi
ciency of 0.35. 

9.3.4.3 The repair plate thickness shall not exceed the shell 
plate thickness at the perimeter of the repair plate by more 
than one-third, but no more than Its in. The repair plate thick
ness shall be no thinner than 3f l6 in. nor thicker than 1/2 in. A 
full fillet perimeter weld is required. 

9.3.4.4 This repair method shall not be used if exposure of 
the fillet welds to the product will produce crevice con·osion 
or if a corTosion cell between the shell plate and repair plate is 
likely ro occur. 

9.3.4.5 This repair method shall not be used to repair shell 
leaks if the presence of product between the shell plate and 
repair plate will prevent gas freeing from the tank to perform 
hot work. 

9.3.4.6 The existing shell plate under the repair plate shall 
be evaluated at each futu(e inspection to ensure it satisfies the 
requirements of 9.3.4. 1. If the existing shell plate thickness 
does not satisfy 9.3.4. I or the repair plate does not satisfy 
9.3.3, the area is to be repaired in accordance with 9.2 or 9.3,2. 

9.4 REPAIR OF DEFECTS IN SHELL PLATE 
MATERIAL 

The need for repairing indications such as cracks, gouges 
or tears (such as those often remaining after the removal of 
temporary attachments), widely scattered pits. and corroded 
areas discovered during un inspection of the tank shell shall 
be determined on an indjvidual case basis in accordance w1th 
Section 4. In areas where the shell plate th1cklless exceeds 
that required by design conditions. it is pennissible to gt-ind 

surface irregularities to a smooth contour so long as the 
remaining thickness is adequate for the design conditions. 
Where grinding to a smoothly contoured surface will result 
in unacceptable shell plate metal thickness. the shell plate 
may be repaired by deposition of weld metal. followed by 
examination and testing in accordance with 12.1 .8. If more 
extensive areas of shell plate require repair, use of butt 
welded she ll replacement plate or lap-welded patch plate 
shall be cons idered. 

9.5 ALTERATION OF TANK SHELLS TO CHANGE 
SHELL HEIGHT 

Tank shells may be altered by adding new plate material to 
increase the height of the tank shell. The modified sheU 
height shall be in accordance with the requirements of the 
applicable standard and shall take into consideration all <Ultic

ipated loadings such as wind and seismic. 

9.6 REPAIR OF DEFECTIVE WELDS 

Types of weld flaws and nonconJormances that need repair 
are described in 9.6.1 through 9.6.4. 

9.6.1 Cracks, lack of fusion, and rejectable slag and poros
ity that need repajr shall be removed completely by gouging 
and/N ![linding and the resulting cavity properly prepared for 
welding. 

9.6.2 Generally, i£ is nor necessary to remove existing weld 
reinforcement in excess of that allowed by API Std 650 when 
discovered on an existing tank with a satisfactory service his~ 
tory. However, if operating conditions are suet. that the exces
sive weld reinforcement may be delete1i ous (such as for a 
fl oating roof with flel'.ible seals), consideration shall be given 
to repairing the welds by g1inding. 

9.6.3 Existing weld undercut deemed unacceptable based 
on suitability for service considerations shall be repaired by 
addi tion<ll weld metal , or grinding. as appropriate. 

9.6.4 Welded joints that have experienced loss of metal due 
to COITOsion may be repaired by welding. 

9.6.5 Arc stLikes discovered in or adjacent to welded joints 
shaU be repaired by grinding and/or welding. Arc strikes 
repaired by welding shall be grountl Rush with the plate. 

9.7 REPAIR OF SHELL PENETRATIONS 

9.7.1 Repairs to existing shell penetrations shall be in com
pliance with APl Std 650. 

9.7.2 Reinforcing plates may be added to existing unrein
forced nozzles when deemed appropriate. 'The reinforcing 
plate shall meet all dimensional and weld spacing require
ments of API Std 650. See Figures 9-3A and 9-38 for accept
:tble details. 
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Figure 9-3A- Typical Details for Addition of Reinforcing 
Plate to Existing Shell Penetration 
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Figure 9-38- Typical Details for Addition of "Tombstone" 
Shape Reinforcing Plate to Existing Shell Penetration 

9.7.3 As an alt.emative, the reinforcing plates may be added 
to the inside of the tank provided that sufficient nozzle projec
tion exists. 

9.8 ADDITION OR REPLACEMENT OF SHELL 
PENETRATIONS 

9.8.1 New shell penetrations (audition or replacement) 
shall be in uccordaoce with requirements of API Srd 650 and 
9.8.2 of this standard. 

9.8.2 Penetrations larger than 2 in. NPS shaU be installed 
with the use of an insen plate if the shell plate thickness is 
greater than t;2 in. and the she ll plate material does nol meet 
the current design metal temperature criteria. ln addition, the 
following requirement shall be met: 

a. T he minimum diameter of the insen plate shall be at Least 
twice the diameter of the penetration or the diameter plus 12 
in .• whichever is greater. 

b. When reinfo rcing plates are used , d1e minimum diameter 
of the insert pJate shall equal the diameter of the reinforcing 
plate plus 12 in. 

c. ff an integral reinforcement design is used, the th ickness 
of the inse1t plate-at its periphery and fOT a distance of 21 
from the edge of the weld (where t is the shell plate thick
ness)-shall be the same thickness as the shell, or the insert 
plate shall have a I :4 taper to match the shell plate thickness. 

d. Spacing of welds shall be in accordance with Figure 9-1. 
e. The joint between new material of the insert plate and o ld 
material ofthe existing shell plate shall be butt-welded. 

9.9 ALTERATION OF EXISTING SHELL 
PENETRATIONS 

9.9.1 Existing shell penetrations may be modified if the 
altered details comply with the requirements of API Std 650. 
:including the requirements for minimum reinforcing aren and 
the requirements for spacing of welds around connections. 

9.9.2 When instalJjng a new tank bottom above the existing 
bottom. it may be necessary to alter ex.isting shell penetra
tions in the bottom course of a tank shell. If the new botrom is 
slotted tlu·ough the tank shell several inches above the exist
ing bottom, the spacing between exis ting welds around pene
tra tions anu the new bottom-to-shell weld may 110 t comply 
with APL Std 650 requiremenlS, Options for altering d1e pene
trations and/or reinforcing plates are given in 9.9.2. 1 through 
9.9.2.3. 

9.9.2.1 The ex isting reinforcing plate may be trimmed to 
increase the spacing between the welds provided that the 
modified detail complies with the requirements of' API Std 
650. Care must be exercised during the trin1ming operation to 
avoid damaging the shell materiaJ beneath the reinforcing 
plate. The existing weld attaching the portion of the reinforc-



9-6 A PI STANDARD 653 

ing plate to be removed shaU be completely removed by 
gouging and grinding. 

9.9.2.2 The existing reinforcing plate may be removed and 
a new reinforcing plate added except that reinforcement plate 
replacement is not permitted on existing stress re lieved 
assemblies. If it is not known whether the assembly was ther
mally stressed relieved, then U1e alteration shall meet the 
requirements of API Std 650, Section 3.7.4. Care must be 
exerc·ised when removing the existing reinforcing plate to 
avoid damaging the shell plate beneath the reinforcing plate. 
The welds around the perimeter of the reinforcing plate and 
between the reinforcing plate and neck of the penetmtion shall 
be completely removed by gouging and grinding. The new 
reinforcing plate shall be in accordance with Pigure 9-JA. If 
required to maintain weld spacing. a tombstone shaped rein
forcing plate may be used. (See Figure 9-3B). 

9.9.2.3 The existing penetnttion may be moved by cutting 
the section of the shell cont<~ining the fitting and reiJ1forcing 
plate, and rajsing the entire assembly to the correct e levation 
(see Pigure 9-4). 

9.9.3 Any components of the penetration (neck. flange, and 
reinforcing plate) that are in serviceable condition after 
removal may be reused. 

9.10 REPAIR OFTANK BOTTOMS 

9.10.1 Repairing a Portion ofTank Bottoms 

9.1 0.1.1 General Repair Requirements 

The use of welded-on patch plates for repairing a portion 
of uniformly supported tank bottoms is pe1mitted within the 
limitations given in this section and 9.10. 12. Refer tO Figure 
9-5 for acceptable details for welded-on patch plates. 

a. The minimum dimension for a welded-on patch plate that 
overlaps a bottom seam or existing patch is 12 in. The 
welded-on patch plate may be circular, oblong, nr polygouaJ 
with rounded corners. 
b. A welded-on patch plate smaller than J 2 in. in diameter is 
pem1itted if: it is equal to or exceeds 6 in. in diameter; it does 
not overlap a bottom seam; it is not plnced fuiJy or partially 
over an ex isting patch; and it extends beyond t11e corroded 
bottom 11fea, if any. by at least 2 in. 
c. Welded-on patch plates shall not be placed over areas of 
the tank bottom that have global dishing, local dishing 
(except as allowed by 9. 10. 1.1 d), settlement, or distot1ion 
greater than the limits of Appendix B. 

Note: [ f the tank is still undergoing settlement, the nddition of 
welded-on patch plute may not be advisable. 

d. A welded-on patch plate may be placed over a mechanical 
dent or local dishing if: its unsupported dimension does not 
exceed 12 in. in any direction; it is al least 1/4 in. thick; it is at 
least as thick as the existing bottom: and does not overlap 

sean1s nor other patches. except for tanks designed in accor
dance with API Std 650, Appendix M, which shall have 
welded-on patch plates at least 3fs in. thick. 

[Text deleted.] 
e. These repairs are pem1anent repairs subject to an on-goi11g 
inspection and maintennnce program. 

9.1 0.1 .2 Repairs within the Critical Zone 

The use of welded-on patch plates is pennitted for repair
ing n portion of tank bottoms within the critical zone (see 3.9 
for definition) provided 9.10.1. 1 requirements and the foUow
ing additional requirements are met. 

a. Maximum plate thicknes~ for welded-on patch plates 
within the critical zone is 1/ 4-in. and must meet the toughness 
requirements of API Std 650, Se<.:tion 2.2.9. 
b. When a welded-on patch plate is within 6 in. of the shell, 
the welded-on pat'ch plate shall be tombstone shaped. The 
sides of the tombstone shaped welded-on patch plate shall 
intersect the shell-to-bonom joint at approximately 90 
degrees. 

Flller plate 
same thickness 
as shell 

Loldbottom 

BEFORE RAISING 

6" radius 

AFTER RAISING 

Cut lines in shell plate 

Top of 

Re1nioroing plate 

Soacing per 3.7.3 
ol API Standard 
650.or as permitted 

1 per 9.1 0.2.1.5 01 

+ 

Rgure 9-4-Method for Raising Shell Nozzles 
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c. Perimeter wellls on welded-on patch plates withjn the crit· 
icnl zone shall be two-pass, minimum, and examined per 

031 12.1.1.3and 12.1.7.2. 
cL Installation of a welded-on patch plate by butt-welding to 
an adjacent existing patch is nor pem1i!led in the criti~:a l zone. 
e. Welded-on patch plates over existing patches are not 
allowed in the critical zone. 
f. The bottom plate under the perimeter of a welded-on patch 
plate shall meet the thickness requirements in 4.4. 

Note~ The bottom plate lhickncss at the attachment weld must be at 
least 0.1-in. thick bc1bre welding the welded-on patch plate to the 
bott0m plate. Refer to API Pub! Pub! 2207 for further information. 

9.10.1 .2.1 No welding or weld overlays are pennitted 
within the critical z.one ex<:ept for the welding of: widely s~.:at
tered pits (see 4.3.2.2), pinholes, cracks in the bottom plates, 
the shell-to-bottom weld. welded-on patch plates, or where 
the bottom plate welded to the shell is being replaced. 

9.1 0.1.2.2 A welded-on patch plate shall not be used if the 
covered bottom plate minimum remaining thickness at the toe 
of the internal shell-to-bottom weld will be less than the min
imum thickne~s required by 4.4.7 or 4.4.8 at the next intemal 
inspection. 

9.1 0.1.2.3 Welded-on patch plates are not pern1itted in the 
critil;al zone on a tank bottom with an operating temperature 
exceeding 200° F for carbon steel or l00°F for stainless steel. 

9.10.1.2.4 If more extensive repairs are required within 
the critical zone than those listed in 9.10. 1.2. the bottom 
plate welded to the shell shall be cut out and a new plate 
shall be installed. Weld spacing requirements shall be in 
accordance with API Std 650, 3. 1.5.4 and 3. I .5.5 and AP1 

Std 653, 9. 10.2.3. 

9.1 0.1.3 The use of welded-on patch plates that do not 
meet the requirements of 9.LO.l.L or 9.10.1.2 is permitted if 
the repair method has been reviewed and approved by an 
engineer experienced in storage tank deRign in accordance 
with API Std 650. The review shaJJ consider brittle fracture, 
stress due to selllement, stress due to shell-bottOm discontinu
ity, metal temperature, fracture mechanics, and the extent and 
quality of oondestructive exam ination. 

9.1 0.1.4 Unacceptable indications such as cracks, 
gouges. tears, and corroded areas discovered in bottom 
plates, located outside the critical zone, may be repaired by 
deposition of weld metal followed by exan1ination and test
ing in accordance with 12. 1.7 .3. Surface irreguJnrities and 
contamination within the area to be repaired shall be 
removed before welding. 

9.1 0.1.5 The repair of sumps located within the critical 
zone shall be in accordance with 9.1 0.1.2. 

9.1 0.1.6 The repair of corroded plates in the critical zone is 
limited to pit welding or overlay welding as noted in this sec-

tion. The weld repair of bottom plate corrosion is pennitted if 
aiJ of the following conditions are satisfied. 

a. The sum of the pit dimensions along an arc parallel to the 
shell~to-bottom joint does not exceed 2 in. in an 8-in. length. 
b. There must be sufficient remaining bottom plate thickness 
for completion of a sound weld and to avoid bum-through. 
The minimum acceptable bottom plate thickness for weld 
repairs is 0.10 in. A lesser thickness is permitted for weld 
repairs only if reviewed and approved by an engineer experi
enced in storage tank design and repair. 
e. All weld repairs shall be ground Aush with the surround· 
ing plate material and be examined in accordance with 
12.3.2.4. 

9.1 0.2 Replacement of Entire Tank Bottom 

9.1 0.2.1 Requirements governing the installation of a 
replacement bottom over an existing bortom are g iven in 
9. 10.2.1.1 through 9.10.2.1.6. 

9.10.2.1 .1 A suitable nonCOJTOsive material cushion such 
as sand, gravel, or concrete shall be used between the old bot
tom and the new bottom. 

9.1 0.2.1.2 The shell shall be slotted with a uniforn1 cur 
rnade parallel to the tank bottom. The cut edges in the slot 
shall be ground to remove all slag and burrs from the cutting 
operation. The new bottom plate shalJ be extended outside the 
shell as requiJ·ed by APr Std 650. All rules for weld spacing 
shaU be followed. 

9.1 0.2.1 .3 Voids in the foundation below the old bOttom 
shall be fill ed with sand, crusheJ limestone, grout, or con
crete. 

9.1 0.2.1.4 Except as pern1itted in 9.1 0.2.1.5. existing shell 1 01 
penetrations shall be raised if the elevation of the new bottom 
cuts through the reinforcing plate or if the weld space require
ments given in API Std 650, 3.7.3 are not meL 

9.10.2.1.5 For tanks constructed from materials having 
50,000 lbflin.2 yield strength or less, existing shell penetra
tions need not be raised if the following conditions are met: 

a. For reinforced penetrations, including low types. a mini
mum of 4 in. shall be mHintained between the shell-to-bottom 
weld toe and the nearest penetration attachment weld toe 
(reinforcing plate periphery weld, or nozzle neck weld to low 
type reinforcing plate and shell welds). 01 
b. For self-reinforced penetrations. the greater of 3 in. o r 2 1/2 
t shall be maintained between the shell-to-bottom weld toe 
and the nearest penetration attachment weld toe. 
c. The shell-to-bottom weld is to be welded with low hydro
gen electrodes and with welding procedures that ru·e designed 
to limit distortion and residual stress. 
d. The toes of 1he welds shall be blend-ground to minimize 
stress concentmlions as listed below: 
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1. For circular reinforcement plates, blend-grind the 
periphery attachment welJ from the ''four o'clock" 
position to the "eight o'clock" position. Blend-grind 
the inside and outside of the sheU-to-bottom weld a 
minimum of one penetration diameter length on eid1er 
side of I he penetration's centerline. 

u. For diamond-shaped reinforcement plates, blend
grinJ the lower horizontal length of the diamond
shaped attachment weld. Blend-grind the inside and 
outside of the shell-to-bottom weld a minimum of one 
penetration diameter length on either side of the pene
tration's centerline. 

iii. For low-rype penetrations, blend-grind the nozzle 
attachment weld (sheJJ and reinforcing plate) from the 
''four o'clock" position to the "eight o'clock" posi
tion. Blend-grind the inside and outside of the shell
to-bonorn weld a minimum of one penetration diame
ter length on either side of the penetr:ttion 's 
centerline. 

e. The blend-ground lengths of welds listed in 9. 10.2.1.5d 
shall be magnetic particle examined before and after hydro
static tesL 

9.10.2.1 .6 For floating roof tanks. the new bottom pro.fiJe 
must keep the roof level when it is resting on its support Jegs 
in the down position. The suppor1 legs can either be jacked up 
ro maintain the original height or be shortened by the same 
amount as the thickness of the cushion nnd new bottorn plate. 

9.1 0.2.1 . 7 New bearing plates for floating roof suppor1 
legs and for fixed roof support columns shall be installed. 

9.1 0.2.2 When removing an existing rank bottom. the tank 
shell shall be sep;1rated from tank bottom either by: 

a. Cutting the shell parallel ro the rank bottom a minimum of 
l/2 in. above the bottom-to-sheU weld (cut Line B-B as shown 
in Figure 10-1 ), or 
b. Removing the entire shell-to-bottom aunchment weld, 
including any penetration and heat affected zone by suitable 
methods such as arc gouging and/or grinding. 

All arc gouged areas of the umk shell shall be magnetic par
ticle examined, and defective areas repaired and re-examined. 

9.1 0.2.3 Installation of a new tar1k bottom, after removal 
of the existing tank bottom, shaJJ meet all reljuirements of 
API Std 650. For t:mks witll shell plate of unknown tough
ness that do not meet the exemption criteria of Figure 5-2. 
new weld joints in the bottom or annular ring shall be 
spaced at least the greater of 3 in. or 51 from existing verti
(;al weld joints in the bottom shell course, where 1 is the 
thickness of the bottom shell course, in in. 

9.1 0.2.4 When planning a bottom replacement, consider
ation shall be given to removjng the old tank bottom or pro
viding other means of preventing potential galvanic corrosion 

(refer to API RP 65 1 ). Also see 4.4.5 regru·ding bonom leak 
detection. 

9.1 0.3 Additional Welded-on Plates 

9.1 0.3.1 If other welded-on plates such as wear, isolation, 
striker. aod bearing plates. are to be added to tank bottoms, 
they shall be installed in accordance with 9,1 0.1, and exam
Ined in accordance with 12. I .7. For these additional welded
on plates, if the lap weld spacing requirements as set forth in 
Figure 9-5 are not met, magnetic particle (MT) or liquid pen
etmnt (PT) examination is required for the exposed welds or 
portions of welds failing to meet minimum spacing criteria. 
See Section 12 for acceptance requirements. 

9.10.3.2 Welded-on plates that fall within the critical zone 
(see 3.9 for definition) shall be instaiJed in accordance with 
9.10. L2 and comply with all of its requirements. 

9.11 REPAIR OF FIXED ROOFS 

9.11.1 Supported Cone Roofs 

9.11 .1.1 The minimum thickness of new roof plates shall 
be 3fr6 in. plus any corrosion all.owance as specified in the 
repair specifications. In U1e event roof live loads in excess of 
25 !bf/ft2 ;.~re specified (such as insulation, operating vacuum, 
high snow loads), the plate thickness shall be based on analy
sis using tire allowable stresses in conformance with API Std 
650, Section 3. W.3 (see 9.11.2.2). 

9.11 .1.2 The roof supports (rafters, girders, columns, and 
bases) sball be repaired or altered such that under design con
ditions tl1e resulting stresses do not exceed the stress levels 
given in Section 3.10.3 of APf Std 650. 

9.11.2 Self-Supporting Roofs 

9.11 .2.1 The nominal thickness of new roof plate shall be 
3/16 in. or the required plate t·hickness given in API Std 650. 
Sections 3.10.5 or 3.10.6, plus any specified corrosion allow
ance, whichever is greater. 

9.11.2.2 The details of the roof-to-shell junction shall meet 
the requirements of API Std 650, Sections 3.10.5. 3.10.6, or 
Appendix P, as applicilble. tor the intended service. Frangible 
joint design, or the need for emergency venting devices in 
accordance with API Std 2000. shaU meet the requirements of 
APJ Std 650, 3.10.2.5. 

9.12 FLOATING ROOFS 

9.12.1 External Floating Roofs 

Any method of repair is acceptable that wiU restore the 
roof to a condition enabling it to perfonn as required. 

03 
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9.12.2 Internal Floating Roofs 

Repairs to internal floating roofs shall be made in accor
dance with the original construction drawings. if available .. If 
the Otigina.l construction drawings are not available. the roof 
repairs shall be in compliance with the requirements of API 
Stu 650. Appendix H. 

9.12.3 Repai r of Leaks In Pontoons 

All leaks in pontoons or comp1111ments of double deck 
Aoating roofs shall be repaired by rewelding the leaking joints 
and/or use of p11tch plates. 

9.13 REPAIR OR REPLACEMENT OF FLOATING 
ROOF PERIMETER SEALS 

9.13.1 Primary Seals 

Rim-mounted ptimary shoe seaJs and toroidal seal systems 
can be removed, repaired, or replaced. To minimize evapora
tion losses and reduce potential bazard to the workers. no 
mort than one-fourth of the roof seal system should be out of 
an in-service tank at one time. Temporary spacers to keep the 
roof centered shall be used during the repairs, Primary seal 
systems mounted partly or fully below the bolting bar or top 
of the rim usually cannot be reached to allow removal in ser
vice. In this case, in-service repairs are limited to replacement 
llf the primary sea l fabric. 

9.13.2 Secondary Seats 

Rim-mounted nod shoe-mounted secondary $eats may be 
readily installed , repaired, or replaced while the tank is in 
service. 

9.13.3 Seal-To-Shell Gap 

Repair and other corrective actions to maintain S<!al-to
shell gap requirements, inclt•de: 

a. Adjusting the hanger system on primary shoe seaJs, and 
adding foam filler in toroidal seals. 
b. increasing the length of rim mounted secondary seals in 
the problem area. 
c . Replacing all or p<ut of the primary seal system along with 
possible installation of a rim e>ttension for a secondary seal. 
This step shall be taken only after checking the annular space 
variation at several levels from low pump out to high liquid 
level. 

9.13.4 Mechanical Damage 

Damaged parts shall be repaireJ or replaced. Prior to tak
ing this action, the cause of the dan1age shall be identified and 
corrected. Buckled parts shall be replaced, not straightened. 
Tom seal fabric shall be replaced. 

9.13.5 Deterioration of Seal Material 

Material deterioration results from wear and corrosion on 
metallic e lements, and chemical and wead1er deterioration 
of seal fabric. The service life and inspection infonnation 
shall be used to determine whether a change of material is 
warranted. 

9.1 3.6 Installation of Primary and Secondary 
Seals 

9.13.6.1 The replacement or addition of primary and sec
ondary seals shall be in accordance with the recommenda· 
tions of the seal manufacturer. In addition, the final 
installation shall comply with all applicable jurisdictions. 

9.13.6.2 Tf the roof rim thickness is less than 0.10-in. thick, 
it shall be replaced. The new roof rim shall be 3/ 16-in. thick
ness. minjntum. 

9.14 HOTTAPS 

9.14.1 General 

9.14.1.1 The requirements given herein cover the installa
tion of radial hot tap connections on existing in-service tanks 
constructed with shell material that does not require postweld 
heat rreatmenl. 

a. For tank shell plates of recognized toughness, shell plates 
of unknown toughness having a maximum thickness less than 
or equal to t/2 Ln., or shell plates of unknown toughness hav
ing a minimum shell design metal temperature at or above the 
curve given in Figure 5-2, the connection size and shell thick
ness limitations are shown in Table 9-1. 

Recognized toughness is defined as meeting or exceeding 
the toughness requirements of API Std 650. Six.th Etlition. 
Appendix 0 or G. API Std 650, Seventh Edition, or later, or 
other industry accepted toughness requirements. 

b. For tank shell plates of unklmwn toughness with thickness 
greater Lhan lf2 in, and having a minimum shell des ign metal 
temperature below the curve given in Figure 5-2 the follow
ing limitations apply. 

I. Nozzles shall be limited to a maximum diameter of 
4 in. NPS. 

2. The shell plate temperature shall be at or above the 
minimum shell design metal temperature for the entire hot 
t·apping operation. 

3. All nozzles shall be reinforce(]. The reinforcement 
shall be calculated per API Std 650, 3.7.2. The minimum 
thickness of the reinforcing plate shall be equal to the 
shell plate thickness, and the m.lnlmum reinforcing plate 
diameter shall not be less than the diameter of the shell 
cutout plus 2 in. 
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Table 9-1-HotTap Connection Sizes 
and Shell Plate Thicknesses 

Connection Size, Minimum Shell 
NPS Plate 111ickness 
(in.) (in.) 

s6 J; l6 

S-8 1/4 

s14 ·'Is 

s l 8 ,,1 

4. The maximum height of tank liquid above the hot tap 
location during the hot tapping operation shall be such 
that the hydrostatic tank shell stress is less than 7,000 lbf/ 
in. 2 nt the elevation of the hot tup. 

9.14.1.2 The minimum height of tank liquid above the 
ho t tap location shall be at least 3 ft during the hot tapping 
operation. 

9.14.1.3 Wdding shall be done with low hydrogen elec
trodes. 

9.14.1.4 Hot taps are not permitted on the roof of a tank or 
within the gas/vapor space of the tank. 

9.14.1.5 Hot taps shall not be installed on laminated or 
severely pitted shell plate. 

9.14.1.6 Hot taps are not pem1itted on tanks where the heat 
of welding may t·ause environmental cracking (such as caus
tic cracking or stress corrosion cracking). 

9.14.2 Hot Tap Procedures 

A bot tap procedure specific to carrying out the work shall 
be developed and documented. The procedure shall include 
the practices given in A PI Pub I 2201. 

9.14.3 Preparatory Work 

9.14.3.1 Minimum spacing in any direction (toe-to-toe of 
welds) between the hot tap and adjacent nozzles shall be 
equivalent to tJte square root of I?T where I? is the tank shell 
radius, in in .. and Tis the shell plate thickness. in in. 

9.14.3.2 Shell plate thickness measurements shall be taken 
at a minimum of four places along the circumference of the 
proposed nozzle location. 

9.14.4 Material Limitations 

Hot tap only steels of known acceptable toughness or stt:els 
of unknown louglUJess that have a m.inimum shell des ign metal 
temperature at or above the exemption curve shown in Figure 
5-2. unless the additiOI)ill n:quirements of 9.14.1. J bare met. 

9.14.5 Installation Procedure 

9.14.5.1 Pipe nozzles shall be cut to the contour of the 
shell and beveled from the outside for a full penetration weld 
(see Figure 9-6). 

9.14.5.2 After the pipe is welded, the reinforcing plate 
shall be installed either in one piece or two pieces with hori
zontal weld. The reinforcing plate to nozzle shall be installed 
with a full penetration weld. Care shaJl be taken to limit the 
heat input to the welds. 

9.14.5.3 After the re inforcing plate has been welded to the 
shell and nondestructive examination carried out, the pad 
shall be pueumaticaJJy tested by the procedure described in 
API Std 650. After the valve has been installed on the flange, 
a pressure test' at least 1.5 time.s the hydrostatic head shall be 
perfom1ed on the nozzle prior to mounting lhe hot rap 
machine-which shall be bolted tu the valve. 

9.14.5.4 A qualified operator shall operate the hot tap 
machine and cut the hole in the tank following the hot tap 
machine manufacturer's proceuures. 
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SECTION 1 0-DISMANTLING AND RECONSTRUCTION 

10.1 GENERAL 

10.1.1 Thi!> section provides procedures for dismantling 
and re~ons t ru~.:ting existing welded tanks that are to be relo
cated from their original site. 

10.1.2 Hydroswtic testing requirement:;. nondestructive 
examination requirements, and acceptance criteria for the 
quality of we lds for reCl)nsrructed tanks are specified in 

Section 12. 

1 0.1 .3 All reconstruction work must be authorized by the 
authorized inspector or an engineer ~::xperienced in storage 
tank design , prior to ~.:ommencement of the work by a recon
stmction organization (see 3. 14). The authorized inspector 
wi ll designate inspection hold points required during the 
reconstn1ction process and minimum documentarian to be 
submitted upon job completion. 

1 0.1.4 The authorized inspector or an engineer experi
enced in :.tomge lilnk design shall approve all reconsrruction 
work at the designated hold points and after reconstruction 
has been completed in nccordance with the requiremenrs of 
this standard. 

10.2 CLEANING AND GAS FREEING 

The tank shall be cleaned and gas-freed prior to com
mencement of dismantling. 

10.3 DISMANTLING METHODS 

1 0.3.1 General 

Roof. shell, and bottom plates may be cut into any size 
pieces 1hnt nre readily transportable to the new site for recon
struction. 

1 0.3.2 Bottoms 

10.3.2.1 Bottom plates that will be reused shaU be cut by 
deseaming of lapwelds; or by cuuing alongside of the remain
ing welds 111 a minimum of 2 in. away from existing welds. 
except where cuts cross exisling weld seams. 

10.3.2.2 If rhe bottom is to be used, one of the following 
methods i1. acceptable: 

a. The bollom plates may be cut from the shell along a line 
A-A and line B-B shown in Figure 10-1. scrapping the welds 
and the bottom plate directly attached to the shell. 

b. lf the enrire hot tom is co be reused, the bottom may be cut 

from the shell on the line C-C leaving the shell with part of 
the bottom attached. 

10-1 

c. If the tank has UJl existing bun-welded annular ring, this 
ring can be left al!ached to the !.hell or removed from the shell 
by cutting out along line B-B or otherwise removing the 
existing shell to annular ring welds. 

1 0.3.3 Shells 

1 0.3.3.1 Tllnk shell plates may be dismantled using one of 
the following methods or a combination thereof: 

u. Any shell ring may be dismanlled by cutting oul ex isting 
weld seam:.. r111d the heat nffected zone (HAZ) of the weld. 
For the purpose of this method, the minimum HAZ 10 be 
removed will be IJ2 of the weld metal width or 1/4 in .• which
ever is les1., on both sides of the weld seam. 
b. Any shell ring 1/2 in. thick or thinner may be dismantled 
by culting through the weld without removing the HAZ. 
c. Shell rings may be dismantled by cutting vertical and/or 
horizontal cuts through the shell a minimum of 6 in. away 
from existing wdds, except where cuts croos existing welds. 

10.3.3.2 Shell stiffening rings. including wind girden. and 
top angles. mny be left nuached to the shell plares or may be 

removed by cuuing at the artachmem welds. The area where 
temporary nttachmen!~ are removed shall be ground flush 
with the shell plate. 

1 0.3.3.3 The shell shall be cut from the bottom plate along 
line B-B as shown in Figure I 0- 1. The exiMing shell-to-bot
tom weld connection shall not be reused unless the entire bot
tom is 10 be reused intact. 

10.3.4 Roofs 

1 0.3.4.1 Roof plates shall be cur by deseaming of lap 
welds. or by cutt ing alongside of the remaining welds ar a 
mininwm of 2 in. away from existing welds, except where 
cuts cross existiug welds. 

1 0.3.4.2 Roof supporting structures shall be dismantled by 
removing bolts (if bolted) or deseaming the srru~tural anach
ment welds. 

10.3.5 Piece Marking 

1 0.3.5.1 Shell. bonom. and roof plates shall be marked 
prior to dismamling for ready identification and placement 
when the tank is reconstructed. Marking material shall be of a 
durable type. Drawings showing piece mark localtons are 
also a useful ndjunct. 

1 0.3.5.2 A minimum of two sets of matching center punch 
marks shall be located on rhe top and bottom edges of each 
shell plale 10 facilitate proper alignment during reconstruction. 
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Figure 10-1- Tank Shell and Bottom Cut Locations 

10.4 RECONSTRUCTION 

10.4.1 General 

1 0.4.1.1 The foundation for the reconstructed tank shall 
meet the constmction tolerances given in 10.5.6. 

1 0.4.1.2 Temporary attachments shall be removed, and the 
attaclunent area ground fl ush with the plate surface. 

10.4.2 Welding 

1 0.4.2.1 Provi::;ions shaH be made dtuing the reconstruc
tion of a tank. to ensure that weld spacing requirements of 
Figure 9-1 are maintained. New vertical joinrs in adjacent 
shell cours~, made in accord;mce with 10.3.3.1, shall not be 
aligned but shall be offset from each other a minimum dis
tance of 51, where r is the plate th ick.ness of the thicker course 
at the point of the offset. 

1 0.4.2.2 Tanks and their structural attachments shnll be 
welded in accordance with the processes specified in API Std 
650 and the requirements of 10.4.2.3 rhrough 10.4.2. 11. 

10.4.2.3 No welding of any kind shall be performed when 
the surfaces of the parts to be welded are wet from rain. snow, 
or ice; when rain or snow is falling on such sutfaces; or dur
ing periods of high winds unless the welder and the work are 
properly shielded. No welding of any kind shall be performed 
when the temperature of rhe base metal is less than 0°F. When 
the temperature of the base metal is between oop and 32oF or 
the thickness is in excess of l i.n., the base metal within 3 jn. 
of the place where welding is ro be started shall be heated to a 

temperature wmm to the haml (approximately 140°F) before 
welding. (See 10.4.4.3 for preheat requiremems for shell plates 
over l l/2-in. thick.) 

10.4.2.4 Each layer of weld metal of multilayer welding 
shall be cleaned of slag and other deposits before the 11ext 
layer is applied. 

10.4 .2.5 The edges of all welds shall merge with the sur
face of the plate withour a sharp angle. The max imum 
acceptable undercutting is 1 /M in. of the base metal for ver
tical butt joints. For horizontal butt joints underculli ng not 
exceeding l /32 in. in depth is acceptable. 

10.4.2.6 The reinforcement of the new welds on all butt 
joints on each side of the plate shall not exceed the thick
nesses shown in Table I 0-1 . 

10.4.2.7 Tack welds used in the assembly of vertical joints 
of tank shells shall be removed and shall not remain in the fin
ished joint when the joints are welded manually. When such 
joints are welded by the submerged-arc process, the tack 
welds shall be thoroughly cleaned of all welding slag but 
need not be removed provided that they are sound and are 
thoroughly fused into the subsequently appl1ed weld beads. 
Tack welds shall be made using a li llet-wdd or butt-weld pr<l
cedure qunlified in accordance with Section IX of the ASME 
Code. Tack welds to be left in place shall be made by quali
fied welders. 

1 0.4.2.8 If weldable primer coatings have been applied on 
surfaces ro be welded, they shall be included in welding pro
cedure qualification tests for the brand, fonnulation. and 
maximum thickness of primer applied. All other coatings 
shall be completely removed from the weld area prior to 
welding. 

10.4.2.9 Low-hydrogen electrodes shall be used for man
ual metal-arc welds, including the attachment of the first shell 
course to the bt~ttom plates or annular plare ring, as follows: 

a. For all welds in shell courses over 112-in. thick of APf Stu 
650 Group [- Ill materials. 

b. For all welds in all shel1 courses of APJ Std 650 Group IV 
- Vl materials. 

1 0.4.2.1 0 Low-hydrogen electrodes shall be used for 
welding temporary and new pennanent attachments to 
shells of API Std 650 Group LV, I VA, Y, or VI materials. The 
welding. procedure selected shall not cause underbeau 
cracki ng: also, the nec:d for preheat of d1ick plates and the 
effect of low illmospheric temperatul-e durin~ welding shall 
be considered. 

1 0.4.2.11 If existing welds are found to be unsatisfactory 
by the original standard of consrruc:tion, they shnll be repaired 
In accordance with 9.6. 
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Table 10-1-Maximum Thicknesses on New Welds 

Plate Thickness Maximum Reinforcement Thickness 
(in.) (in.) 

Vertical Joints Horizontal Joints 

s 1/2 3[32 lfR 

> 'h through I lfK .l/ Ill 

> I 3/ 16 1/4 

1 0.4.3 Bottoms 

10.4.3.1 After the bottom plates are laid out and tacked, 
they shall be joined by welding the joints in a sequence d1at 
results in Lhe least distortion from shrinkage and provides, as 
nearly t~s possible, a plane surtace. 

1 0.4.3.2 The welding of the shell to the bottom (except for 
door sheets) shall be completed prior to the welding of bot
torn joints. 

10.4.3.3 Plates shaH be held in close contact at all lap 
joints during welding. 

10.4.4 Shells 

1 0.4.4.1 Plates to be joined by bUtt welding shalJ be 
matched accurately and retained in position during welding. 
Misalignment in completed vertical joints over 5/s-in. thick 
shall not exceed 10 percent of the plate thickness. with a max
imum of 1/8 in. Mjsalignment in joints 5/s-in. thick or Jess 
shall not exceed 1/16 in. Vertical joints shaiJ be completed 
before the lower horizontal weld is made. 

1 0.4.4.2 ln completed horizontal butt joints, the upper 
plate shall not project beyond the face of the lower plate at 
any point by more than 20 percent of rhe thickness of the 
upper pl:lte, with a max imum pr~jection of 1/8 in., except that 
a projection of 1/ lf, in. is acceptable for upper plates less than 
5/16-in. thick. 

1 0.4.4.3 For horizontal and vertical joints in tank shell 
courses constructed of materinl oveJ· 11/2-in. thick (based on 
the thickness of the l'hicker plate at the joint), nwlti-pass 
weld pracc::dures are required. with uo pass more than J/4-in . 
thick permitted. A minimum preheat of200°F is required of 
these welds. 

10.4.5 Roofs 

This standard does not include special stipulations for 
reconstruction thereof, except lhat the structural framing 
(such as rafters and girders) must be reasonably true to Jine 

Table 10-2- Radii Tolerances 

T.'lnk Diam~Jter 
(ft) 

<40 

40 to< ISO 

150 to < 250 

~250 

Radius Tolerances 
(in.) 

±I 

and surface. Other requirements shall be in accordance with 
the applicable standard. 

10.5 DIMENSIONAL TOLERANCES 

1 0.5.1 General 

1 0.5.1.1 The tolerances given in this section have been 
established to produce a reconstructed tank of acceptable 
appearance and structural integrity and to permit proper func
tioning of ftoating roofs and seals. 

1 0.5.1.2 Measurements to verify these tolerances shall be 
taken before the hydrostatic test of the reconstructed tank. 

1 0.5.2 Plumbness 

10.5.2.1 The maximum out-of-plumbness of the top of the 
shell relative to the bottom of the shell shall not exceed 1 /tOO 
of the total tank height, with a maximum of 5 in. The 1/100 

criteria, with a maximum of 5 in., shall also apply to fixed 
roof columns. For tanks with intemal floating roofs, apply the 
criteria of 1his section or APl Std 650. Appendix. H. which
ever is more stringent. 

10.5.2.2 The out-of-plumbness in one shell courSe shall 
not exceed the valoes specified for miJJ tolerances in ASTM 
A 6 or A 20, whichever is applicablt!. 

10.5.3 Roundness 

Radi.i measured at I ft above the shell-to-bonom weld shall 
not exceed the tolerances shown iJi Table 10-2. 

Radius tolerances measured higher than one foot above the 
shell-to-bottom weld shall nor exceed three times the toler
rutces given in Table I0-2. 

1 0.5.4 Peaking 

With a horizontal sweep board 36-in. long, peaking shall 
nor exceed 1/2 in. The sweep board shall be made to the rrue 
outside radius of the tank. 
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1 0.5.5 Banding 

With a vertical sweep board 36-in. long, banding sball not 
ext:eed I in. 

1 0.5.6 Foundations 

10.5.6.1 To ach.ieve the tolerances specified in 10.5.1 
through 10.5.5, it is essential that foundations true to a plane 
be provided for the tank reconstruction. The foundation shall 
have adequate bearing capacity to maintain H1e trueness of the 
foundation. 

1 0.5.6.2 Where foundations true to a horizontal plane are 
specified, tolerances shall be as follows: 

a. Where t:oncrete ringwalls are provided under the shell, the 
top of the ring wall shall be level within± 1/1! in. in any 30ft of 
the circumference and within± 1/4 in. in the total circumfer
ence measured from the average elevation. 

b. Where concrete ringwaJis are not provided, the foundation 
under the shell shall be level within± 1/s in. in any 10 ft of 
circumference and within± 112 in. in the total circumference 
measured from the average elevation. 

1 0.5.6.3 For foundations specified to be s loped from a 
horiz,ontal plan, elevation differences about the circumfer
ence shall be calcu lated from the specified high point. 
Actual elevation differences about the circumference shall 
be determined from the actual e levation of the specified 
high point. T he actual elevation differences shall not deviate 
from the calculated differences by more than the following 
tolerances: 

11. Where concrete ringwalls are provided ± lfs in. in nny 30 
ft of circumference a11d ± 1/4 in. in the total circumference. 
b. Where concrete ringwalls are not provided.± Iff>. in. in any 
I 0 ft of circumference and± 112 in. in the total circumference. 



SECTION 11-WELDING 

11.1 WELDING QUALIFICATIONS 

11 .1.1 Welding procedure specifications (WPS) and weld
ers and welding operators shall be qualified in accordance 

with Section TX of the ASME Code. 

11.1.2 Weldabiliry of steel from existing tanks shall be ver
ified. If the material specification for the s teel from an exist
ing tank is unknown or obsolete, test coupons for the welding 
procedure qualification shall be taken from the actual plate to 
be used. 

11.2 IDENTIFICATION AND RECORDS 

11 .2.1 Each welder and welding operator shall be assigned 
an identifying number, letter. or symboL Records of this iden
tification. along with the date and results of the welder's qual
ification tests shall be accessible to the inspector. 

11.2.2 The welder or welding operator's identification 
mark shall be hand- or machine-stamped adjacenr ro and at 

intervals nor exceeding 3 ft along rhe completed welds. In 
lieu of s tamping, a record may be kept that identifies the 
welder or welding operator employed for each welded joint; 
these records shaH be accessible to the inspector. Roof plate 
welds and ·flange- to-nozzle-neck welds do not require 
welder identification. 
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SECTION 12-EXAMINATION AND TESTING 

12.1 NONDESTRUCTIVE EXAMINATIONS 

12.1 .1 General 

12.1.1.1 Nondestructive examinations shall be perfom1ed 
in accordance wirh AP1 Stu 650 and any supplemental 
requirements given herein. 

12.1.1.2 Personnel pert:Onning nondestructive exanlina
tions shall be quali11ed in accordance with API Std 650 and 
any supplemental requirements given herein. 

12.1.1.3 Acceptance criteria shall be in accordance with 
API Std 650 and any supplemental requirements given herein. 

12.1.1.4 Each newly deposited weld or any cavity resulting 
from gouging or grinding operations shall be visually exam
ined over its full length. Additional NDE of these welds may 
be required as describeu in rhe following relevant sections. 

12.1.1.5 Appendix G may be used to provide addit·ional 
guidance in qualifying personnel and procedures when 
magnetic flux leakage (MPL) tools are used to examine tank 
bottoms. Ownerfoperarors should detem1ine specific 
requirements to meet their tank bottom integrity needs. 

12.1.2 Shell Penetrations 

12.1.2.1 Ultrasonic examination of shell plate for lamina
tiOns shall be made in the immediate area affected when: 

a. Adding a reinforcing plate to an ex isting unreinforced 
penetration. 
b. Adding a hm tap connection. 

12.1.2.2 Cavities resulting from gouging or griJ1ding oper
ations to remove attachment welds of existing reinforcing 
plates shall be examined by magnetic par1icle or liquid pene
trant' methods. 

12.1.2.3 Completed welds attaching nozzle neck to shell, 
and reinforcing plate ro shell 1md to nozzle ueck, shall be 
examined by the 01a_g11etic particle or liquid penetrant meth
ods. Consider additional examination (e.g., fluorescent mag
netic particle examination and/or ultrasonic examination) for 
hot tap connections to she ll plates of unlu10WJ1 toughness hav
log a m:u<imum thickness mort! than 1/2 in. or to shell plates 
of unknown toughness having a minimum shell design rueral 
temperature below the curve in Figure 5-2. 

12.1 .2.4 Completed weltls of stress-relieved assemblies 
shall be examined by the magnetic particle or liquid penetrant 
metJ10ds after stress relief, but before hytlrostatic testing. 

12·1 

12.1.3 Repaired Weld Flaws 

12.1.3.1 Cavities resulting from gouging or grinding oper- I 
03 ations to remove weld defects shuJI be exiunined by the mag-

netic particle or liquid penetrfinl methods. 

12.1.3.2 Completed repairs of bull-welds shall be examined 
over their fuU length by radiographjc or ultrasonic methods. 

12.1.3.3 Completed repairs of fillet welds shall be exam
ined over their full length by the appropriate nondestructive 
exannnation method listed herein. 

12.1 .4 Temporary and Permanent Attachments to 
Shell Plates 

12.1.4.1 The welds of permanent attachments (not includ-
ing shell-to-bottom welds) and, areas where temporary 01 
attachments are removed and the remaining weld projections 
have been removed. ~hall be examined visLk11ly. 

12.1.4.2 Completed welds of new pennanent attachments 
(not including shell-to-bottom welds) and areas where tempo
rary attachments have been removed (APl Std 650 rank shell 
materials of Groups rv. lVA, V. or VI), shall be examined by 
either the magnetic panicle method (or. at rJ1e oprion of The 

purchaser, by the liquid penetrant method). 

12.1.5 Shell Plate to Shell Plate Welds 

12.1.5.1 New welds attaching existing shell plate to exist- I 
ing or new shell plate shall be examined by radiographic: 03 
methods (see 12.2). IJ1 addition. for plate thicknesses greater 
than I in .. the back-gouget.l surface of the root pass and final 
pass (each side) shall be examined for its complete length by 
magnetic patticle or liquid penetrant methods . 

12.1.5.2 New welds joining new shell plate material to 
new sheU plate material (parti<tl or full ~heU course replace
ment or addition) need only be cxathined radiographically in 
accordance with API Std 650. 

12.1.6 Shell-To-Bottom Weld 

12.1 .6.1 New welding on the shell-to-bottom joint shall be 
inspected for its entire length by using a right-angle vacuum 
box and a solution film. or by applying light diesel oil. Addi
tionally, the fiJst weld pass shall be inspected by applying 
light diesel oil to the siue opposite the first weld pass made. 
The oil shaJI be allowed to stand at least 4 hours (preferably 
overnight) and then the weld inspected for wicking action
The oi l shall be removed before the weld is completed. 

12.1.6.2 As an alternative to 12.L6.1, the initial weld 
passes, inside anti outside of the shelt, shaJJ have aJJ slag and 
non-metals removed from the surface of the welds and exam-
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ine<.l visually. AJditionally, after completion of t·he inside and 
outside fillet or partiaJ penetration welds, the welds shall be 
tested by pressurizing the volume between the inside and out
side welds with air pressure to IS psig and applying a solu
tion film to both welds. To assure that the air pressure reaches 
all parts of the welds. a sealed blockage in the annular pas
sage between the illside and outside welus must be provided 
by welding at one or more points. Additionally, a small pipe 
coupling communicating with the volume between the welds 
must be welded on each side of and adjacent to the blockages. 
The air supply must be connected at one end and a pressure 
gauge connected to a coupling on the other end of rhe seg
ment under test. 

12.1.6.3 The existing welu at the shell-to-bottom joint shall 
be examined by visual, as well as by magnetic particle or liq
uid penetrant methods, for the full length under a welded-on 
patch plate. An additionnl 6 in. of the shell-to-bottom joint on 
each side of the welded-on patch plate shall be examined sim
ilarly before placemen1 of the repair plate to aSsure weld 
integrity and to con finn the absence of weld cracks. 

12.1. 7 Bottoms 

12.1 .7.1 Upon completion of welding on a tank bottom, 
the plates and the entire length of new welds for tank bottom 
plates shall be examined visually for uny potential defects and 
le<•ks. Particular attention shall apply to areas such as sumps, 
Jents, gouges, three-plate laps, bottom plate breakdowns, arc 
strikes, temporary attachment removal areas, and welding 
lend arc bums. Visual examination acceptance and repair cri
teria are specified in API Std 650, 6.5. In addition. aU new 
welds, including the weld attaching a patch plate tn the bot
tom, the areas of bottom plate restored by welding, and the 
restoration of welds found with defects during an internal 
inspection shall be inspected by one of the methods specified 
in API Std 650, 5.33. Leaking areas shall be repaired by 
grinding nnc.J rewelding as requi1·ed, and the repaired area 
shall be retested. 

12.1 .7.2 In addition to the requirements in 12.1.7.1. the 
roorand final pass of a welded-on patch plate weld in the crit
ical zeme (see 3.9 for delinilion) shall be visually examined 
and examined by either magnetic particle or liquid penetnmt 
method over its full length. 

12.1. 7.3 In addition to the re-quirements in J 2.1.7. 1, areas 
of bottom plate repaired by welding shall be examined by the 
magnetic particle method or the liquid penetrant method. In 
addition, tl1e repaired area shall also be tested using a vacuum 
box and solution or a tracer gas and detector. 

12.1.8 Shell Plate 

12.1 .8.1 Shell Plate Repairs by Weld Metal Deposit 

Areas of shell plate to be repaired by welding shall be 
examined visually. In audition, shell plate ;m~as repaired by 
welding shall be examined by the magnetic p<utide method 
(or the liquid penetrant method). 

12.1.8.2 Shell Plate Repairs by Lap-Welded 
Patches 

The attachment welds of new lap-welded shell patches 
shall be visually examined, and shall be examined by either 03 
the magnetic pruticle or liquid penetrant med1ods. 

12.1.9 Roofs 

Newly welded roof joints and repairs shall be examined in 01 
a<.:cordance with API Std 650, 5.3.2.2 and 5.3.7. 

12.2 RADIOGRAPHS 

12.2.1 Number and Location of Radiographs 

The number and location of radiographs shall be in accor
dance with API Std 650 and the following additional require
ments: 

12.2.1.1 For vertical joints: 

a. New replacement shel l plates to new shell plates. no addi
tional radiographs required, other than those required by API 
Std 650 for new construction. 
b. New replflcement shell plates to existing shell plates. one 
adclitionaJ radiograph shall be taken in each joint 
c. Repaired joints in existing shell plates shall have one adc.li~ 
tiona! radiograph taken in each joint. 

12.2.1.2 For horizontal joints: 

a. New replacement shell plates to new shell plates, no aJdi
tional radiographs required, other than those required by API 
Std 650 for new construction. 
b. New replacement shell plates to existing shell plates, one 
additional radiograph for each SO ft of repaired horizc,mtaJ 
weld. 
c. Repaired joints in existing shell plates shall have one adcfj. 
tiona! mdiograph taken for each 50 ft of repaired horizontal 
weld. 

12.2.1.3 For intersections of vertical anJ horizontal joints: 

a. New replacement shell plates to new shell plates, no addi
tional radjographs required, other than those required by API 
Std 650 for new constnrction. 
b. New replacement she ll plates to existing shell plates. each 
intersection shall be radiographed. 
c. All repaired intersections in existing shell plates shall be 
radiographed. 
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12.2.1.4 For reconstructed tanks, each bun-welded annu
lar plate joint shall be radiographed in accordance with APl 
Std 650. 

12.2.1.5 For reconstructed tanks, radiographic inspection 
is required for 25 percent of all junctions of new welds over 
existing se<uns. 

The owner/operntor shalt, with the consent of the contrac
tor. determine the extent of further inspection and repair that 
may be required. 

Any fUJ1her inspection or repair of existing welds witt be 
handled by contractual agreement between the owner/opera
tor and tank reconstruction contractor. 

12.2.1.6 New and replaced shell plate and door sheet 
welds shall be radiographed. All junctions between repair 
and existing welds sbaJl be radiographed. lf defects are 
found, 100% radiography shall be performed on the repaired 
weld. 

12.2.1.6.1 For circular replacement plates. a minimum of 
one radiogrnph shall be taken regardless of thickness. When 
the circular replacement plate is located in a shell plate with 
thickness exceeding 1 in. , the weld shall be fully radio
graphed. 

12.2.1.6.2 For square and l'ectangulru· replat:emenl plates, 
at leasrone radiograph shall be taken in a vertical joint. and at 
leasr one in a horizontal joint. and one in each corner. When 
the square or rectangular replacement plate is located in a 
shell plate with thickness exceeding l in .. the vertical joints 
shRII be fully radiographed. 

12.2.1.7 The minimum diagnostic length of e:1ch radio
graph shall be 6 in. 

12.2.1.8 For penetrations installed using insert plates as 
described in 9.8.2, the completed butt welds between the 
insert plate and the shell plate shall be fully radiographed. 

12.2.2 Acceptance Criteria for Existing Shell Plate 
to Shell Plate Welds 

If the radiograph of an intersection between a new and old 
welt.! detects unacceptable welds by current standards, the 
existing welds may be evaluated according to the original 
standard of construction. 

12.2.3 Marking and Identification of Radiographs 

12.2.3.1 Each film shall show an identi fication of the 
welder(s) making the weld. A weld map showing location of 
welds. weld nUmber, radiograph number. welder identifica
tion, and grading of each weld Is an acceptable alternative LO 

thjs requirement. 

12.2.3.2 Radiographs and radiograph records of all 
repaired welds sh;dJ be marked with lhc letter"R". 

12.3 HYDROSTATIC 'TESTING 

12.3.1 When Hydrostatic Testing Is Required 

12.3.1.1 A full hydrostatic test, held for 24 hours, shaU be 
perfonned on: 

a. A reconstructed tank. 

b. Any tank that has undergone major repairs or major alter
ations (see 12.3.l.2) unless exempted by 12.3.2 for the 
applicable combination of materials. design, and construction 
features. 
c. A tank where an engineering evaluation indicates the need 
for the hydrostatic test due to an increase in the severity of 
service. Examples of increased service severity are an 
increase in operating pressure (such as stOJing a product with 
a higher specific gravity), lowering the service temperature 
(see Figure 5-2), and using tanks tl1at have been damaged. 

12.3.1.2 The terms major repair and major alteration refer 
to operdtions that require cutting, addition, removal andJor 
replacement of the annular plate ring, the shell-to-bottom 
weld, or a sizable p<>rtion of the shell. Within this context. 
major repairs and major alterations would include: 

a. The installation of ru1y shell penetration beneath the design 
liql1id level larger than 12 in. NPS, or any botrom penetration 
located within 12 in. of the shell. 

b. Therernoval and replacement or addition of any shell plate 
beneath the design liquid level. or any annular plate ring 
material where the longest dimension of the replacement 
plute exceeds l2 in. 

c. The complete or partial (more than 011e-half of the weld 
thickness) removal and replacement of more than 12 in. of 
vertical weld joining shell plates, or radial weld joining the 
annular plate ring. 

d. The installation of a new bottom. This does not include 
new bottoms in tanks where the foumlalion under the new 
bottom is not disturbed and either condition I or 2 are met: 

I. For tanks with annular rings, the annular ring remains 
intact. 

2. For tanks without unnular rings. tl1e repair does not 
result in welding on l'ht: existing bottom within the critical 
zone. See 3. 7 for a definition of the critical zone. 

e. The removal and replacement of any part of the weld 
attaching the sheJI to the bottom or to the annular plate ring. 

f. Jacking of a tank shell. 

12.3.2 When Hydrostatic Testing Is Not Required 

12.3.2.1 General 

A full hydrostatic test of the tank is not required for major 
repairs and major alterations when both paragraphs a and b of 
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this section are satis fied , and w hen either the appropriate 
part~ of I 2.3.2.2 thro ugh 12.3.2.5 or 12.3.2.6 are mer. 

a. T he repair has been Jeviewed and approved by an engineer 

experienced in storage tank design in accordance wirh API 
Std 650. The engineer must concur in writing with taking tbe 
hydrost<1tic testing exemption. 
b. The tank owner/operator has authorized the exemption in 
w rit ing. 

12.3.2.2 Shell Repair 

12.3.2.2.1 Por weldo;; to existing metal, develop welding 
procedure quali11cat ions based on existing material chemistry. 

includin g strength requirements. Welding procedures shall be 
qualified with existing or s imi lar materials, and shall include 
impact testing. Impact testing requirements shall fo llow 
appropriate portions of API Std 650, 7 .2.2 and shall be speci· 

fied in the repair procedure. 

12.3.2.2.2 New materials used for the repair shall meet the 

current edition of API Std 650 requirements. 

12.3.2.2.3 E xisting tank materials in the repair area shall 

meet at least one of the following requi.rements: 

n. API Std 650 require ments (Seventh Edition or later). 
b. Fall w ithin the " safe for use" area on Figure 5-2. 

c. Stress in the re pai r area shall not exceed 7000 lbf/in.2. This 
limiti ng stress shall be calculated as fo llows: 

where 

S = 2.6 rt D G 
t 

S = shell stress in lbf/ in.2, 

H = tank fill height above the bottom of repair or 
a lleration in n, 

shell thickness at area of interest in m .. 

D = tank mean diameter in ft. 

G = spec ific gravity of product. 

12.3.2.2.4 New vertical nnd hutizontal sbe ll butt-welds 
shall have complete penetration and fus io n. 

12.3.2.2.5 The root pass and final pass examination shall 
be in accordance with I 2.1.5. In addition, the finished weld 
shall be fully radiographed . 

12.3.2.2.6 Shell welds for the reinforc ing plate-to-nozzle 
neck and nozzle neck-to-shell j<)ints shall have complete pen
etration and fusion. The root pass of the nozzle attachment 
we ld shall be back -gouged and examined by magnetic parti
cle or liquid penetrant methods. The completed weld sh~11l be 
examined by magnetic particle or liquid penetrant methods 

and by the ultrasonic method. Examination and acceptance 
crite ria for nondestructive examinations shall be in accor
dance with 12. L. 

12.3.2.2. 7 See 12.3.2.4 for shell-to-bottom weld restric
tions. 

12.3.2.2.8 Door sheets shall comply w ith the requirements 
of this s tandard for shell plate installarion. except they shall 
uot extend to or intersect the borlOm-to-shell joint. 

12.3.2.3 Bottom Repair Within the Critical Zone 

12.3.2.3.1 Repairs to the annular ring or bottom plates, 
within the critical zone (see 3.7) shall comply with the fol
lowing: 

a. Meet the requirements of 12.3.2.2.1 through 12.3.2.2.3. 

b. Be exam ined v isually prior to welding, t111d exam ined I 
after lhe root paSs and the final pass by the magnetic particle 03 
or liquid penetrant methods. Annular plate butt~welds sh<lil 
a lso be examined by ul t rasonic methods after the fi nal pass. 
Examination and acceptance criteria for nondestructive 
examinations shall be in accordance with 12.1. 

12.3.2.4 Shell-To-Bottom Weld Repair 

12.3.2.4.1 Repair of the weld attaching the shell to the 
annular ring or the shell to the bottom plate shall meet one of 
the following requirements: 

a. A portion of the weld (of any length) may be removed and 
replaced as lo ng as the replaced weld meets tile s ize require
ments of API Std 650 , 3. 1.5.7. and the porti011 replaced does 
not represent more than 50 percent of the required weld 
cross-sectional area. 
b. The weld on o ne s ide of the s hell may be complete ly 
removed and replaced for a length not exceeding 12 in. 
Shell-to-botto m weld repairs replacing more than 50 per
cent of the required weld cross-sectional area shall not be 
closer than 12 in. to each other, including re pairs o n the 
o pposite side of t'he shell. 

12.3.2.4.2 Repairs shall be examined prior to welding, 

after the root pass, and after the fi nal pass by visual, as well as 
magnetic part icle or liquid penetrant methods. Examination 
and acceptance crite ria for nondestructive examinations shall 
be in accordance With 12. 1. 

12.3.2.5 Minor Shell Jacking 

12.3.2.5.1 Tank shell and caitical zone materials shall meet 

one of the requirements of 12.3.2.2.3 

12.3.2.5.2 The engineer shall consider t1ll pertinent var i

ables when exempting a m inor shell jacking repair from 
hydrostatic tes ting, including but not limited to: the magni
tude of jacking required; material; toughness; quality control; 
inspection bef<>re and after repair; material temperature; 
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furure foundation stabiliry~ and jacking techniques (including 
controls and measuremem). Careful consideration shall be 
g iven to potential stresses and damage that may result f rom 
jacking. 

12.3.2.6 Fitness-For-Service Evaluation 

The owner/operator may utilize a fitness-for-service or 
other nppropri:ue evaluation methodology based on estab
lished priuciple.\i and practices to exempt a repair from hydro
st;ltic testing. The procedures and acceptance criteria for 
conducting an alternative analysis are not included in this 
.standard. T his evaJuation shnll be performed by an engineer 
experienced in .storage tank design and the evaluation meth
odologies used. 

12.4 LEAK TESTS 

New or altered reinforcing plares of shell penetrations shill! 
be given an air leak test in accordance with A Pl Std 650. 

12.5 MEASURED SETTLEMENT DURING 
HYDROSTATIC TESTING 

12.5.1 Initial Survey 

12.5.1 .1 Where sett lement is anticipated, a tank receiv
ing a hydrostatic test shall hnve the foun dation checked for 
settlement. 

12.5.1 .2 Tank set!lement shall initially be surveyed with 
the tank empty using the number of bottom plate projection 
elevation measurement points, N, uniformly distributed 
around the circumference, as indicated by the foUowing for
mula: 

where 

N = minimum requi.rell number of settlement mea
surement points, but no less than eight. All frac
tional values shall be rounded to the next higher 
whole number. The maximum spacing between 
settlement measurement poillts shall be 32 H. 

D tank diameter, in ft. 

12.5.1.3 Tank settlement measurements in 12.5.L.2 shall 
be evaluated for acceptance in accordance with Appendix B. 

12.5.2 Survey During Hydrostatic Testing 

Settlement shall be rnea~ured during filling and When water 
reaches toO pen;ent of test level. Excessive settlement in 
accordance with Appendix B shall be cause to stop the test for 
foundation investigation and/or repair. 



SECTION 13-MARKING AND RECORDKEEPING 

13.1 NAMEPLATES 

13.1.1 Tanks reconstructed in accordance with this stan
dard shall be identified by a <:orrosion-re~is t ant metal name
plate similar to that shown in Figure 13-1. Letters and 
numer~1ls not less than 5132 in. high shall be embossed, 
engraved. or stamped in the plate to indicate Information as 
follows: 

u. Reconstructed t·o API 653. 

b. Edition and revision number. 

c. Year reconstruction was completed. 

d. lf known, the original applicable standard and the year of 
original constrm:tion. 

e. Nominal diameter. 

f. Nominal shell height. 

g. Design specific gravity. 

h. Maximum pe1mjssibleoperating liquid level. 
i. The name of the reconstruction contTactor and the 
assigned serial number or conrract number. 

.J. The owner/operator's rank number. 

k. Shell material for ead1 shell course. 

I. Maxim1,1m operating temperature. 

m. AJiowable stress used in calculations of eacn shell course. 

13.1.2 The new nameplate shall be attached to the tank 
shell adjacent to the existing nameplate. iJ any. An existing 
nameplate shall be left attached to the tank. Nameplates shall 
be attached as specified in API Std 650. 

13.2 RECORDKEEPING 

When a tank is evaluated, repaired, altered, or recon
stru<:ted in accordru1ce with this standard. the following infor
mation, as llpplicable, shall be made a part of the owner/ 
operator's records for the tank (see 6.8). 

13-1 

13.2.1 Calculations for: 

a. Component evaluation for integrity, including brittle frac
tliJe considerations (Section 5). 
b. Rerating (including liquid level). 
c. Repair and alt·eration cons iderations. 

13.2.2 Construction and repair drawings. 

13.2.3 Additional support data incJuding, bur not limited 
to, infonnntion pertaining to: 

a. Inspections (including thicknesses). 
b. Materi;al test reports/certifi(.!ations. 
c. Tests. 
d. Radiographs (radiographs shall be retained for at least one 
yenr). 
e. Brittle fracture considerations. 
f. Original tank construction data (uate, original standard. 
etc.). 
g. Location and identification (owner/operator's number. 
serial number). 
h. Oescdption of rhe tank (diameter, height, service) . 
i. Design conditions (liquid level, specific gravity, allowable 
stress. unusual design loadings. etc.). 
j. Shell material and thick.ness by <.;ourse. 
k. Tank perimeter elevations. 
l. Construction completion record. 
m. B~1s is for hydrostatic test exemption. 

13.3 CERTIFICATION 

Tanks reconstructed in accordance with thi~> standard shall 
require tlocumentation of such Jeconstruction, and certifica
tion that the design. reconstruction, inspection, and testing 
was perforl'ned in compliance with this st:mdatd. The certifi
cation shall contain infonnat ion as shown in Figure 13-2 for 
design and/or reconstruction as applicable. 
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RECONSTRUCTED TO API 653 EDITION 

Reconstructed by: 

Date Completed ------- --

Serial No. _ _________ _ 

Shell 
Course 

Allowable 
Stress Material 

Original Standard 

Tank No. 

Tank Diam. 

Specific Gravity 

Design Pressure 

Orig. Cons!. Date 

Year Reconstructed 

Liquid Level Max. 

Capacity 

Max. Operating Temp. 

Figure 13-1-Nameplate 

Height 
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CERTIFICATION FOR TANK 
RECONSTRUCTED TO API 653 

We hereby certify th~t the tank reconstructed at-------------------and described as follows: 
Location 

Senal No. OWner's No. Capacity Floallng or Fixed Aool 

was reconstructed. inspected, and tested in accordance with all applicable requirements of API Standard 653,0 

- ---- --Edition, ___ ____ Revision, Dated _______ (including all material supplied by the D 

reconstruction organization). 

Reconstrtrcllon Orgarl!zntion 

Authodzed Represenlatlve 

Oate 

CERTIFICATION FOR TANK 
DESIGNED TO API 653 

13-3 

We hereby certify that the design evaluation of the tank reconstructed at-------------------- - D 
and desclibed as lollows: Location 

Sen01 No. OWner's No. Heigh! Capacity Floating CY Axed Rool 

was performed by the undersigned organization in accordance with all design requirements of API Standard 653,0 

_______ Edition, --- ----Revision, Dated _ ___ __ ~ 

Reoonstruclion Organlzatron 

Aulhor~ed Representative 

Date 

Figure 13-2- Certification Forms 



APPENDIX A-BACKGROUND ON PAST EDITIONS OF API 
WELDED STORAGE TANK STANDARDS 

API published u specification for welded steel storage tanks in 1936 entitled API Standard l2C, API Spec{/icationfor Welded 
Oil SLOrage Tanks. Fifteen editions and seven supplements to Standard l2C were published between 1936 and 196 f . API Std 12C 
was replaced by APr Std 650. Wt,lded Steel Tonks for Oil Storage; ten editions and fifteen supplements, revisions or addenda to 
APT Standard 650 have beet1 issued. The currem edition of API Stcl 650 is the Tenrb Edition. published in November 1998. 

The table below pmvides n list of editions, supplements, and revisions to APt Std 12C and API Std 650. 

Table A-1 - Editions of API Standard 650 and Its Precursor, Standard 12C 

Standard 12C,AP/ Specijicalionj(lf Welded Oil Swrat-:e Tanks Standard 650, Wl'ltl<•tl Sind Tt111ks for Oil SMmlJ,e 

&I ilion Date Edition 

First July 1936 First 

Secon1l October 1937 Supplement 

Supplement I April 1938 Second 

Supplement 2 September 1938 Third 

Supplement) April 1939 Supplement I 

Third April 1940 Fmu·th 

fourth March 194l Supplement I 

Fifth May 1942 Fifth 

Sixth August 1944 Supplement 1 

Seventh August 1946 Supplement 2 

Supplement I September 1947 Supplement· 3 

Eighth September 1948 Sixth 

Supplemenr I December 1949 Revision I 

Ninth October 1950 Revision 2 

Tenth September 195 I Revision 3 

Eleventh September 1952 Sevenrh 

Supplement I September 1953 Revision 1 

Twelfth October 1954 Eighth 

Thilteemh September 1955 Ninth 

Supplement I October 1956 Addendum I 

Fourteenth October 1957 Addendum 2 

Fiftecuth 1958 Addendum 3 

Addendum 4 

Tenth 

Addendum I 

Addendum 2 

Addendum 3 

Note: 
Ordering information for past editions of API Std 12C and API Stll650 is available by calling 
Global Engineering Documents at 1·800-854-7179 (www.global.ihs.com). 

A·1 

Date 

December 1961 

1903 

April 1964 

July 1966 

December 1967 

June 1970 

April 1971 

July 1973 

October 1973 

April 1974 

March 1975 

April 1977 

May 1978 

December 1978 

October 1979 

November I 980 

February 1984 

Novem tx:r I 988 

July 1993 

December 1994 

December 1995 

December 1996 

December 1997 

November I 998 

March 2000 

November 200 l 

Allgust2003 

1 o1 , 



APPENDIX 8-EVALUATION OFTANK BOTTOM SETTLEMENT 

8 .1 Introduction 
8 .1.1 In determining the effects of soil seulement on stor
age tanks. it is common practice to monitor settlement of the 
tank bouom. In most cases, such a monitoring program is 
in it·iated during the construction and continued during 
hydrostatic testing and operations. Owing operations, set
tlement measurements should be taken at a planned fre
quency, based on an assessment of soil seHlement 
predictions. For existing tanks that do not have Initial settle
ment data, a program of settlement tmmitoring should be 
based on prior service history. 

8.1.2 If at any time settlement is deemed excessive. the 
tanks should be emptied and releveled. Releveling of a siz
able rank is expensive ilnd mther difficult to achieve. Time;. a 
decision to relevel a tank is a crucial one, and relies very 
much on the proper interpretation and evaluation of the moni
tored settlement data. 

8.1.3 Approaches used to correct tan.k shell and bottom 
settlement include techniques such as locaJized repairs of the 
bottom plates, partial releveling of the tank peiiphery, and 
major releveling of the entire tank bottom. Major releveling 
of the tank. involving total lifting, of the tank shell and bottom 
nt one t·ime, can introduce highly localized stresses in the 
structure and impair its integrity. Therefore, when choos ing 
techniques for correcting settlement problems, an alternative 
to total lifting of the tank shell and bottom should be tomdd
cred as a first choice. If it is decided to lift the entire tank shell 
and bortom at one time, it should be done by personnel with 
demonstrated experience in this technique. 

8.2 Types of Settlement 
8 .2.1 ELEVATION MEASUREMENTS 

The principal types of tank settlement consist of settle
ments that relate to the tank shell and bottom plate. These set
tlements can be recorded by taking elevCJtion measurements 
around the tank circumference and across the tank diameter. 
Figures B- 1 and B-2 show recommended locations on a tank 
shell imJ bottom plate for settlement measurements. Data 
obtained from such measurements should be used to evaluate 
the tank structure. Additional settlement readings may be 
required to deiine local depressions. 

8.2.2 SHELL SETILEMENT EVALUATION 

Settlemem of a tank is the result of either one. or a combi
nation of the following three settlement component·s. 

8.2.2.1 Un{form settlement. This component often can be 
predicted in advance1 with sufl:icient at:curacy from soil tests. 

B-1 

9 

ank shell 

11 

7 

Maxfmum spacing of 32 ft arou11d circumference. 
There must be at least 4 equally spaced diametrical 
measurement li11es. 

0 

6 
Notes: 
I . The!\! must be-ut l~ast eight seulemcnt points. The maximum Sp<tdng 
ur the St:ttlemenl points is .12 fr <t!'Otlnd the t.:ircumferenct:. I r-
2. Pnints sh~tll be etJllally spJccd around the t;tnk shell. See 12.5.1.2 for 
metholl of de1ermining the number of measurement poinrs. 

Figure 8-1-Measurements of Shell Settlement 
(External) 

It may vary in magnitude, depending on tbe soil characteris
tics. Unifonn settlement of a mnk does not induce stresses in 
the tank structure. However, piping, tank tlozzles, and attach
ments must be given adequate consideration to prevent prob
lems t:aused by such settlement. 

8 .2.2.2 Rigid bc>dy tllti11g (if rt tank (planc1r tilt). This com
ponent rotates the tank. in a Lilted plane. The tilt will cause an 
increase in rhe liquid level and, therefore. an increase in !he 
hoop stress in the tank shell. Also, excessive tilting can cause 
binding of peripheral seals in a ·floating roof and inhibit roof 
travel. This type of settlemt!Jll could a.ffecr tank nozzles that 
have piping attached to them. Figure B-3 shows that the set
tled location of the tank shell. after rigid body tilt, can be rep
resented by either a cosine or sine wave wirh respect to its 
original position in a horizontal plane. 

8.2.2.3 Ottl-o.{-plwu• sefllement ( d(fferential .velllement ). 
Due to the fact that a tank is a rad1er flexible struct-ure, 
chances are great that the tank shell will settle in a nonplanar 
configuration, inducing additional stresses in the tank shelt 
The out-of-plane settlements at the bottom edge lead to a lack 
of circuJarity at the top of the tank. and in the case of a tloat· 
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Figure B-2-Measurements of Bottom Settlement 
(Internal) Tank Out-of-Service 

ing roof tank. the extent of the induced ovauty may impede 
the proper functioning of the floating roof in such a way that 
releveling is required. Also. such settlements may cause nat 
spots to develop in the tank shell. This type of settlement 
could affect tank nozzles that have piping anached to them. 

8.2.2.4 While uniform settlement and rigid body tilt of a 
tank may cause problems as desctibed :lb<we, the out-of
plane settlement is the important component to detennine ant.! 
evaluate in order tO ensure the structural integrity of the shell 
;lnd bottom. Based on this principle. a common approach is to 
determine tbe magnitudes of the unifom1 and rigid body tilt 
component (if any) for each data point on the tank periphery. 
Once this is carried ou1. the plane of rigid tilt is then impor
tant as a datum from which to mea«ure the magnitudes of the 
out-of-plane settlements. 

A grapllical representation illustrating the effect of ta11k 
shell settlement components is shown in Figure B-3. The con
stmction of tJ1is settlement plot has been developed in accor
dance with the following: 

a. The actual edge settlement (in most cases an irregu l~tr 
curve) is plotted using points around the tank circumference 
as the abscissa. 
b. The vertical distance between the abscissa and the lowest 
point on this curve (point 22) is the minimum settlement, and 

it is called the un.if01m settlement component. A line through 
this point, parallel to the abscissa. provides a new base l'>r 
datum line for settlement measurements called adjusted 
settlements. 
c. The plane of rigid tilt settlement is represented by the opti
mum cosine curve between the maximum and minimum 
values of the actual edge :;ettlements. Sevet<~l methods exist 
for detennining d1e optimum cosine curve. The least accurate 
method is by free hand drawing technjques, a kind of trial and 
error procedure to "fit the best cosine curve through the data. A 
better method is to use the mathematical anti h'TaphicaJ capa
bilities of a computer. 
d. The vertical distances between the irregular curve and the 
cosine curve represent 1he magnitudes of the out-of-plane set
tlements ( U; at data point i). 
e. The most commonly used and accepted method is to use a 

computer to solve for constants a, b, and r , to find the opti
mum cosine curve of the form: 

Elev111u f =a+ h x cos (6 +c) 

Where Elevpred is the e levation predicted by the cosine 
curve at angle theta. A typical starting point for a compllter 
best~ lit cosine curve is a leasl -squares Iii where 11 , b, and c are 
chosen to minimize the sum of the square of the differences 
between measured and predicted e levations. The optimum 
cosine curve is only considered valid (i.e .. accurately tits the 
measured data) if the value R2 is greater than or equal to 0.9. 

R2 = (S,.,- SSE} 
S,, 

where 

S yy = sum of the squares of the differences between 
average measured elevation and the measured 
elevations, 

SSE = sum of the square of the differences between 
the mea.~ured :u1d predicted elevations. 

Obtaining a statjstically valid cosine curve may require 
ta!Ong more measurements than minimums shown in Figure 
B- 1. In many cases. the out-of-plane settlement may be con
centrated in one or more areas and the least-squares fit under 
predicts the local out-of-plane settlement and is not conserva
l"ive. In these cases, R2 wiU typically be less than 0.9. Appro
priate ly selecting a, b. and c; will result in very li ttle difference 
between predicted and measured elevation at all but one or 
two measurements points. and /?2 will be greater than 0.9. 
One method of selecling a, h, and t: in these cases is to ignore 
one or two points that do not appear to fit the injtially calcu
lated cosine curve, and recalculate the optimum cosine curve. 
The remajning points will show a good estimate of the true 
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our-of-plane settlement at the worst point. Pigure B-4 shows 
an e~tample where one point at 135 degrees is well off the ini
tial curve, R2 is 0.87, and S is just less than the maximum 
allowed. By ignoring the point at 135 degrees, and recalculat
ing the optimum cosine curve, R1 is increased to 0.98 (very 
good), and the out-of-plane set!Jement at the point at 135 
degrees is just above the maximum allowed. 

f. The vertical distances between the irregular curve and the 
optimum cosine curve represent the magnitudes of the out-of
plane senlements (U; at data point i). S; is the out-of-plane 
deflection at point i. Refer to Flgure B-3. 

g. Measurements for out-of-plane seulement must be taken 
carefully. In cases of distortion or cotTosion of the t:lllk bot
tom extending beyond the shell , measurements taken near lap 
welds in the tank bott·om can result in significant errors in 
measured elevation. Repaired or replaced bottom plates, or 
new slotted-in bottoms may not have been installed paraUel co 
the bottom shell course. In some cases, more consistent and 
accurate results may be obtained by surveying the elevation 
of the weld between the first and second courses. 

Note: When using the optimum cosine curve described in B.2.2.4e. 
taking measurements around the shell will rcsuh in 11 more a~.:eurate 
cosine curve. However, using all of these measurement points in the 
equation shown in 8.3.2 will resull in very small allowable settle
ment:;, S111nn since the arc length L between mt:aS!lrt:ment points is 
small. lr is acceptable to use as many measuremenl pC>ints as needed 
to develop the optimum cosine curve, but only use a subset of these 
po ints spaced approximately 30 ft (8 minimum) when calculating S 
and S""'·r· The points used must include the po ints furthest from the 
optimum cosine curve. For example, if R points arc required, but 16 
measurements are taken, and the arc length between measurements 
is only IS ft, cakulate the optimum cosine curve using all 16 points, 
but u~e only 8 points to cnlculate S. 1l1e equations in Figure B-3 
would be revised ro rend: 

h. [f out-of-measured out-of-plane selllement exceeds the 
limits described in B .3.2 using the optimum cosJne curve 
method. a more rigorous evaluation may be perfonnec.l in lieu 
of repaiJs. Tltis evaluation must be done by an engineer expe
rienced in tank settlement analysis. 

6.2.3 EDGE SETTLEMENT 

6 .2.3.1 Edge settlement occurs when the tank shell settles 
sharply around the periphery, resulting in defom1ation of the 
bolrl)m plate near the shell-to-bottom comer junction. Figure 
B-5 illustrates lhis senlement. 

6 .2.3.2 The formula given in 8 .3.4 can be used .t(l evaluate 
edge sett lement. Allematively, a rigorous stress analysis c:m 
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be carried out for the deformed profile. Measure the edge set
tlement carefully. taking into m:count the following: 

a. MeasuremenLs taken when the bottom is not in contact 
with the soil or foundation under the tank can overestimate or 
underestimate edge settlement significantly. If the measured 
settlement is near the maximum allowable settlement, con
s ider repeating the measurement with the bottom forced 
down to d1e soil, e.g., stand ing on it, or take an additional set 
of measurements in the same area. where tbe bottom is in 
fim1 contact with the soil. 

b. Locating the breakover point where the settled area begins 
requires some judgment. Placing a straight edge on the unset
tled floor as shown in Figure B-5. and observing where the 
floor separates from the straight edge will help define the 
breakover point. 

Cone down 
bottom 

Original 
bottom 

Shell 

··:':"_\ ___ , l_l 

Sel11ed bottom 
position 

,..--,..-

c. If the tank floor is cone up or cone down, the settlement B. 
should be measured f-rom a projection of the unset11ed floor, 
not from level. See Figure B-6. 

8 .2.3.3 The measured edge settlement R is defined as 
shown in Figure B-5. Bew is defined as the allowable edge set
tlement in an area where there is a floor lap weld in the settled 
areu that is essentially parallel (± 20 degrees) to the shell. 81! 
is defined as the allowable settlement in an area with no floor 
welds. or only butt-welds in the floor, or lap welds in the floor 
tbat are essentiaUy perpendicular(± 20 degrees) to the sheU. 
Refer to Figure B-4. 

8.2.3.4 Section 8.3.4 provides methods for evaluation o f 
measured edge settlement B against allowable edge settle
ment B,M and Be· Since Bpw is more c.:onservative than Be• the 
simplest approach is to initially evaluate measured settlement 

Shell 

Original bottom 

Cone up 
bottom 

Settled bottom 

8 - Measured from origmal 
bottom position 

B - Incorrect! 
Measured from level line from 
breakover point to shell 

Figure B-6-Correction for Measured Edge Settlement 
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8 against Be.., for all settled areas. If all areas meet this crite
rion, the setrlemenl is acceptable and no further evaluation is 
necessary. If necessary. different settled areas can be evalu
ated separately against Bc1,, and Be· For areas containing Jap 
welds at an arbitrary angle to tlle shell , interpolation to find an 
allowable settlement between 81!,, and 811 based on the angle 
of the weld to the shell is allowed. 

B.2.4 BOTTOM SETTLEMENT NEAR THE TANK 
SHELL 

B.2.4.1 Figure B-7 illustrates bottom settlement near the 
lank shell. 

B.2.4.2 The fom1ula given in 8 .3.3 can be used to evaluate 
settlement near lbe tank shell. AJtematively. a rigorous stress 
analysis can be catTied out for the defom1ed prolile. 

B.2.5 LOCALIZED BOTTOM SETTLEMENT 
REMOTE FROM THE TANK SHELL 

B.2.5.1 Localized bottom settlement remote from tank 
shell are depressions (or bulges) that occur io a random man
ner, remote from the shell (see Figure B-8). 

6 .2.5.2 Acceptability of these localized settlements is 
dependent on localized stresses in the bonom plate, design 
and quality of d1e lap welds (single-pass or muJti-pass), and 
voids below the bottom plate. The formula given in 8.3.3 can 
be used to evaluate localized settlement remote from tile tank 
shell. These limits are applicable to tank bottoms that have 
single-pass lap-welded joints. 

8.3 Determination of Acceptable 
Settlement 

6 .3.1 GENERAL 

For existing tanks with history of successful service, it may 
be possible to accept greater settlement and distortion of the 
foundation from a true plane than new tank construction stan
dards allow. Each tank must be evaluated based on service 
conditions, materials of construction. soi l characteristics, tank 
foundation design, and lank service history. The methods dis
cussed in following sections are not mandatory and approxi
mate the maximum permissible settlement. However, 
experience has sllowu that if settlements exceed the following 
requirements. further assessment or repair is required. 

8 .3.2 SHELL SETTLEMENT 

From the measurements desc1ibed in 8.2, determme the 
maximum out-of-plane deflection. Use the following fomwla 

Tank shell 

SECTION A·A 

R - Radius or inscribed circle in bulged or depressed area 
B = Settlement or depression depth or height of bulge 

Figure 8 -7- Bottom Settlement Near Shell 

to calculate the maximum permissible out-of-plane deflection 
(see note below.) 

where 

2 
lSI s (L x Yx II) 

2[(£xfl )] 

S = deflection, in fr (out of pl<ule distortion). 

f_ = arc length between measurement points. m ft . 

Y = yield strength, in lbf/in.2 . 

E = Young's modulus. inlbf/in.2, 

H = tank height, in ft. 

Note: This fomlllla is based on "Criteria for Settlement of Tanks." 
W. Allen Marr, M. ASCE, Jose A. Ramos. and T. William Limbe. F. 
ASCE., Journalt!( Gemed111ical £ngi1u'eri11g Divi,,ion. Prcx:eedings 
of the American Society of Civil Engineers, Vol. I 08, Augus1 1982. 
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Localized depressions 
or bulges in tank 
bottom plate 

A= Radius ol inscribed circle in 
bulged or depressed area 

8 =Settlement depth or 
height of bulge 

SECTION A·A 

Figure B-8-Localized Bottom Depressions 
or Bulges Remote from Shell 

B-3.3 INTERNAL BOTTOM SETTLEMENTS OR 
BULGES 

Measure the bulge or depression. The permissible bulge or 
Jepression is given by the following formula (see note 
below). 

where 

Bn=0.37R 

88 = maximum height of bulge or depth of local 
depression, in._ 

R = radius of inscribed circle in bulged area or local 
depression. in ft 

Figure B-9 is a graphical representation of this fonnula. 

Note: This formula is based on "Criteria for Settlt:ment of Tanks;· 
W. Allen Marr, M. ASCE, Jose A. Ramos. and T. William Lambe, E 
ASCE, Jl/umal of Gevteclurical E11gineering Division, Proceedings 
of the American Society of Civil Engineers, Vol. I 08, August 1982. 

8 .3.4 EDGE SETTLEMENT 

B.3.4.1 Maximum allowable settlement Be,~ is shown in 
Figure B-1 0 for settled areas that include floor lap welds 
essentially parallel to the shell (± 20 degrees). In seuled 
areas where the measured settlement 8 exceeds 75 percent 
or allowed settlement Bf1111 all shell-to-bottom welds ru1d 
floor welds should be inspected visually and with magnetic 
particle exami nation or liquid penetra.nt examination. All 
indications should be repaired. or evaluated for risk of brit
tle fracture. and/or fatigue failure prior to returning the tank 
to service. 

B.3.4_2 For setl'led areas where m~lSllred settlement B 
exceeds 75 percent of B, ... any welds within 12 in. of either 
side of the breakover area (see Figure B-5) should be exam
ined visually. Any suspect areas should be examined with 
either magnetic particle examination or liquid penetrant 
exarnination. All indications should be repaired or evaluated 
for risk offatigue p1ior to returning the tank co service. 

8 .3.4.3 Maximum allowable settlement Be is shown In 
Figure B-1 I for areas of edge settlement with no welds. butt 
welds. or lap welds in the floor that are essentially radial to 
the shell (± 20 degrees). In settled areas where the measured 
settlement exceeds 75 percent of the allowed settlement. all 
shell-to-botton1 welds and floor welds should be inspected 
visually and with magnetic pa11icle examination or liquid 
penetrant examination. All indications should be repaired or 
evaluated for risk of brittle fracture and/or fatigue prior to 
retwning the tank: 10 service. 

B.3.4.4 Maximum allowable settlement for areas of edge 
senlement with a lap weld at an nrbitrary angle to the shell 
may be interpolated from Be and Bei\' from Figures 8-8 and 
8-9. and the following fonnula: 

Where u is rhe angle of the weld to a t;lnk centerline and 
Brr is the allowable settlement· for an area with a weld at that 
angle (see Figure B- 12). 

B_3.4.5 ln general, settlement occurs slowly, and tor most 
existing tanks, the majority of settlement is presumed to have 
occurred ln the first few years of set'Vice. Significant addi· 
tionul settlement will not be expected after the initial inspec
tions. Therefore, typical practice is to compare the measured 
edge settlement with the maximum allowable edge settlement 
B1! 11• and Be. and not include allowance for additional settle-
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Rgure B-9-Localized Tank Bottom Settlement Limits for Single Pass Welds 

ment during subsequent operation. Note that erosion of tbe 
pad adjacent to the tank may cause local settlement. In this 
case the settlement will continue unless the pad is repaired 
and future erosion prevented. For cases where significant 
additional settlement is expected, an engineer experienced in 
tank settlement evaluation should evaluate the settlement 
expected at the next inspection with the limits in B.3.4. This 
is analogous to a corrosion allowance for components 
ex pee ted to corrode. 

8 .3.4.6 The edge sett.lement limits described in 8.2.3.1 
through 8.2.3.5 were developed for typical 1/4- in. thick tank 
bottoms with minimal corrosion. 

a. &lge settlement limits can be applied with reasonable 
accuracy to :./16- and 3/s-in. thick tank bottoms. 
b. Edge settlement limits can be applieJ with reasonable 
accuracy to bottoms with general corrosion, as long as the 
areas near all welds are thicker than 3116 in. 
c:. Edge settlement limits can be applied with reasonable 
accuracy to bottoms with locaJ corrosion, if all locally thin 
areas in the settled area (closer than "R" to the shell) thinner 

than 3/16 in. are smaller than 12 in. in diameter and the thin 
area does not include a weld. 
d. Settlement is presumed to be slow, and a smnll amount of 
additional settlement is expected to oc<!ur prior to the next 
inspection. 

8.3.4.7 Edge settlement increases secondary stress at the 
bottom-to-shell weld. If weld repairs are made to the bottom
to-shell weld in an area where settlement exceeds 1/2 of Be. 
U1ese additional s tresses should be evaluated by an engineer 
experienced in tank settlement evaluation before waiving u 
hydrostatic test per 12.3. 

8 .4 Repairs 
8.4.1 If it is detennined that settlements have occurred 
which are beyond the pennissible limits established in the 
previous sections, then consideration should be given ro mak
ing repairs or a rigorous stress analys1s should be performed 
to evaluate the deformed profile. Various repair techniques 
h:~ve been discussed above. The judgment on repairs should 
be tempered with knowledge of tank service history, previous 
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Figure B-1 0-Maxirnum Allowable Edge Settlement for Areas with Bottom Lap Welds 
Approximately Parallel to the Shell 

repairs, previous inspections, tank foundation conditions, soi l 
characteristics, the material of construction, and estimates of 
future settlemenr. See 9.l0 for suggested repair details. 

6.4.2 For tanks with edge settlement exceeding the lim
its and assumptions given in 8.2.3. 1 through 8.2.3 .7. the 
tank should be re pa ired. Any plate exceeding acceptable 
strains (typically 2 per<;ent - 3 percent) should be 
replaced. Releveling the tank will not remove the plastic 
strain, so leveling the tank without replacing the strain 
1nay not be a sufficient repair. Welds in the area of the high 
strains sJ1ould be removed and repJaced. or be subjected to 
a fitness-for-service ev<Jiuation by an engineer experienced 
in tank senlement evaluation. The condition leading to the 

unacceptable settlement should be conected. Depending 
on the severity and location of the settlement, required 
repairs may incJude regrading the soil under the tank bot
tom, and/or repairing the foundation. Jacking and relevel
ing the shell may be requireJ to prevent additional 
:;ettle ment damage. Jacking and leveling <U'e usually done 
in conjunction with, not instead of, replacing damaged 
plate anu welds. In lieu of repairs, a detailed analysis of 
the settled area may be performed by an engineer experi
enced in tank design and setllement evaluation. The analy
s is should consider primary aod secondary stress and the 
risk of brittle f racture. 
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Tank 
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Figure B-12-Edge Settlement with a Lap Weld at an Arbitrary Angle to the Shell 
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APPENDIX C-CHECKLISTS FOR TANK INSPECTION 

Appendix C contains sample checklists illustrating tank components 1111d auxjjjary 
items that should be considered for intemal and external inspection of tanks. This informa
tion is provided as guidance to the owner/operator for developing an inspection assess
ment schedule for any specific tank installation. The checklist format facilitntes the 
recording of inspection findings. 

C-1 
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TANK IN*SERVICE INSPECTION CHECKLIST 

Item 
Completed 

Comments v 
C.1.1 FOUNDATION 

Measure foundation levelness and bottom elevations (see Appendix B for extent of 
measurements). 

C.1 .1.1 Concrete Ring 

a. Inspect for broken concrete, spalllng, and cracks, panicularly under backup bars used 
in welding butt-welded annular rings under the shelL 

b. Inspect drain openings in ring, back of waterdraw basins and top surface of ring for 
Indications of bottom leakage. 

c. Inspect for cavities under foundation and vegetation against bottom of tank. 

d. Check that runoff rainwater from the shell dtains away from tank, 

e. Check for settlement around perimeter of tank. 

C.1.1.2 Asphalt 

a. Check for sett1ing of tank into asphalt base which would direct runoH rain water under 
lhe tank instead of away from it. 

b. Look for areas Where leaching of oil has left rock filler exposed, which Indicates 
hydrocarbon leakage. 

C.1.1 .3 Oiled Dir t or Sand 

Check for settlement into the base which would direct runoff rain water under the tank 
rather than away from it. 

C.1.1.4 Rock 

Presence of crushed rock under the steel bottom usually results in severe underside 
corrosion. Make a note to do additional bottom plate examination (ultrasonic, hammer 
testing, or turning of coupons) when the tank ls out of service. 

C.1.1.5 Site Drainage 

a. Check site for drainage away from the tank and associated piping and manifolds. 

b. Check operating condition of the dike drains. 

C.1.1.6 Housekeeping 

Inspect the area tor buildup of trash. vegetation, and other inflammables buildup. 

C.1 .2 SHELLS 

C.1.2.1 External Visual Inspection 

a. Visually inspect for paint failures, pitting, and corrosion. 

b. Clean off the bottom angle area and inspect for corrosion and thinning on plate and 
weld. 

c. Inspect the bottom-to-foundation seal. if any. 

C.1.2.2 Internal (Floating RoofTank) 

Visually inspect for grooving, corrosion, pitting, and coaling failures. 

C.1.2.3 Riveted Shell Inspection 

a. Inspect external surface for rivet and seam leaks. 

b. Locate leaks by sketch or photo (location will be lost when shell is abrasive cleaned 
for painting). 

c. Inspect rivets for corrosion loss and wear. 

d. Inspect vertical searns to see if they have been full fillet lap-welded to increase joint 
efficiency. 

-
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TANK IN-SERVICE INSPECTION CHECKLIST- Continued 

Item 
Completed 

Comments V' 

e. If no record exists of vertical riveted seams, dimension and sketch (or photograph) the 
rivet pattern: number of rows, rivet size. pitch length, and note whether the joint is butt-
riveted or lap-riveted. 

C.1.2.4 Wind Girder (Floating RoofTanks) 

a Inspect wind girder and handrail for corrosion damage (paint failure, pitting, corrosion 
product buildup), especially where it occurs attack-welded junction, and for broken 
welds. 

b. Check support welds to shell for pitting, especially on shell plates. 

c. Note whether supports have reinforcing pads welded to shell. 

C.1.3 SHELL APPURTENANCES 

C.1.3.1 Manways and Nozzles 

a. lnspectior cracks or signs of leakage on weld joint at nozzles, manways, and reinlorc-
ing plates. 

b. Inspect for shell plate dimpling around nozzles. caused by excessive pipe deflection. 

c. Inspect for flange leaks and leaks around bolting. 

d. Inspect sealing of Insulation around manways and nozzles. 

e. Check lor inadequate manway flange and cover thickness on mixer manways. 

C.1.3.2 Tank Piping Manifolds 

a, Inspect manifold piping, flanges, and valves tor leaks. 

b. lnspec1 flre fighting system components. 

c. Check for anchored piping which would be hazardous to the tank shell or bottom 
connections during earth movement. 

d. Check for adequate thermal pressure relief of piping to the tank. 

e. Check operation ot regulators for tanks with purge gas systems. 

f. Check sample connections for leaks and for proper valve operation. 

g. Check for damage and test the accuracy of temperature indicators. 

h. Check welds on shell -mounted davit clips above valves 6 in. and larger. 

C.1.3.3 Autogauge System 

a. Inspect autogauge tape guide and lower sheave housing (floating swings) for leaks. 

b. Inspect autogauge head tor damage. 

0 . Bump the checker on autogauge head for proper movement of tape. 

d. Identify size and construction material of autogauge tape guide (floating roof tanks). 

e. Ask operator if tape tends to hang up during tank roof movement (floating roof tanks). 

f. Compare ac1ual product level to the reading on the autogauge (maximum variation is 
2 in.). 

g. On floating roof tanks, when the roof is in the lowest position, check that no more than 
two It ot tape are exposed at the end of the tape guide. 

h. lnspec1 condition of board and legibility of board-type autogauges. 

I. Test freedom of movement of marker and float. 

C.1.3.4 Shell-Mounted Sample Station 

a. Inspect sample lines for function of valves and plugging of lines. Including drain or 
return-to-tank line. 

b. Ched< circulation pump for leaks and operating p~oblems. 
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TANK IN-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments tl 

c.Tesl bracing and supports for sample lines and equipment. 

C.1.3.5 Heater (Shell Manway Mounted) 

Inspect condensate drain for presence of oil indicating leakage. 

C.1 .3.6 Mixer 

a. Inspect for proper mounting flange and support. 

b. Inspect for leakage. 

c. Inspect condition of power llnes and connections to mixer. 

C.1 .3.7 Swing Lines: Winch Operation 

a. Nonfloating. Raise, then lower the swing line with the winch, and check for cable tight· 
ness to confirm that swing line lowered properly. 

b. Floating. With tank half full or more, lower the swing line, then let out cable and check 
if swing has pulled cable light, indicating that the winch is operating properly. 

c. Indicator. Check that the Indicator moves in the proper direction: Floating swing line 
indicators show a lower level as cable is wound up on the winch. Non-floating swing 
line indicators show the opposite. 

C.1.3.8 Swing lines: External Guide System 

Check for leaks at threaded and flan9ed joints. 

C.1.3.9 Swing Lines: Identify Ballast Varying Need 

Check for significant difference in stock specific gravity. 

C.1 .3.10 Swing Lines: Cable Material and Condition 

a. For nonstainless steel cable. check for corrosion over entfre length. 

b. All cable: check for wear or fraying. 

C.1.3.11 Swing l ines: Product Sample Comparison 

Check for water or gravity differences that would indicate a leaking swing joint. 

C.1.3.12 Swing Lines: Target 

Target should indicate direction of swing opening (up or down) and height above bottom 
where suction will be lost with swing on bottom support. 

C.1.4 ROOFS 

C.1.4.1 Deck Plate Internal Corrosion 

For safety, before accessing the roof, check with ultrasontc instrument or lightly use a ball 
peen hammer to test the deck plate near the edge of the root for thinning. (Corrosion 
normally attacks the deck plate at the edge of a, fixed roof and at the rafters in 1he center 
of the roof fir'S!.) 

C.1.4.2 Deck Plate External Corrosion 

Visually inspect for paint failure, holes. pitting, and corrosion product on the roof deck. 

C.1.4.3 Roof Deck Drainage 

look for indication of standing water. (Significant sagging of fixed roof deck indicates 
potential rafter fallure. Large standing water areas on a floating roof indicate inadeq_~ate 
drainage design or, if to one side, a nonlevel roof with possible leaking pontoons.) 

C.1.4.4 Level of Floating Roof 

At several locations, measure distance from roof rim to a horizontal weld seam above the 
roof. A variance in the readings indicates a nonlevel roof with possible shell out-of-round, 
out-of-plumb, leaking pontoons, or hang-up. On small diameter tanks, an unlevel condi-
tfon can indicate unequal loading at that level, 
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TANK IN-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments 
t/ 

C.1.4.5 GasTestlnternal Floating Roof 

Test lor explosive gas on top of the internal floating roof. Readings could indicate a leak-
ing roof, leaking seal system, or inadequate ventilation of the area above the Internal 
floating root. 

C.1.4.6 Roof Insulation 

a. Visually inspect for cracks or leaks in the insulation weather coat where runoff rain 
water could penetrate the insulation. 

b. Inspect for wet insulation under the weather coat. 

c. Remove small test sections of insulation and check roof deck lor corrosion and holes 
near the edge of the insulated area. 

C.1.4.7 Floating Roof Seal Systems 

a. Measure and record maximum seal-to-shell gaps at: 

1. Low pump out. 

2. Mid-shelL 

3. High liquid level. 

b. Measure and record annular space at so-ft spacing (minimum of four quadrants) 
around roof and record. Measurements should be taken in directly opposite pairs. 

1. Opposite pair 1. 

2. Opposite pair 2. 

c. Check if seal tabric on primary shoe seals is pulling shoes away from shell (fabric not 
wide enough). 

d. Inspect fabric for deterioration, holes, tears. and cracks. 

e. Inspect visible metallic parts for corrosion and wear. 

f. Inspect for openings in seals that would permit vapor emissions. 

g. Inspect tor protruding bolt or rivet heads against the shell . 

h. Pull both primary and secondary seal systems back al l around the shell to check their 
operation. 

i. Inspect secondary seals lor signs ot buckling or indications that their angle with the 
shell is too shallow. 

j. Inspect wedge-type wiper seals for nexlbillty, resilience, cracks, and tears. 

C.1 .5 ROOF APPURTENANCES 

C.1.5.1 Sample Hatch 

a Inspect condition and functioning of sample hatch cover, 

b. On tanks governed by Air Qualrty Monitoring District rules, check tor the condition of 
seal inside hatch cover. 

c. Check for corrosion and plugging on thiel and gauge hatch cover. 

d. Where sample hatch is used to reel gauge stock level, check for marker and tab 
stating hold-off distance. 

e. Check lor reinforcing pad where sample hatch pipe penetrates the roof deck. 

f. On floating roof sample hatch and recoil systems. inspect operation of recoil reel and 
condilion of rope. 

g. Test operation of system. 

h. On ultra clean stocks such as JP4, check for presence and condition of protective 
coating or liner inside sample hatch (preventing rust from pipe getting Into sample). 
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TANK IN-SERVICE INSPECTION CHECKLIST-Continued 

Item 
Completed 

Comments v 
C.1.5.2 Gauge Well 

a Inspect visible portion of the gauge well for thinning, size of slots, and cover condition. 

b. Check lor a hold-off distance marker and tab with hdd-off distance (legible). 

c. On floating roofs, inspect condition ot roof guide for gauge well , particularly the con-
dition of the rollers for grooving. 

d. If accessible, check the distance from the gauge well pipe to the tank shell at different 
levels. 

e. If tank has a gauge well washer, check valve for leakage and for presence of a bull 
plug or blind flange, 

C.1.5.3 Fixed Roof Scaffold Support 

Inspect scaffold support for corrosion, wear, and structural soundness. 

C.1.5.4 Autogauge: Inspection Hatch and Guides (Fixed Roof) 

a. Check the hatch for corrosion and missing bolts. 

b. Look for corrosion on the tape guide's and float guide's wire anchors. 

C.1.5.5 Autogauge: Float Well Cover 

a. Inspect for corrosion. 

b. Check tape cable for wear or fraying caused by rubbing on the cover. 

C.1.5.6 Sample Hatch (Internal Floating Roof) 

a. Check overal l conditions. 

b. When equipped with a fabric seal, check for automatic sealing after sampling. 

c. When equipped with a recoil reel opening device, check for proper operations. 

C.1.5.7 Roof-Mounted Vents (Internal Floating Roof) 

Check condition of screens, looking and pivot pins. 

C.1.5.8 Gauging Plat1orm Drip Ring 

On fixed roof tanks with drip rings under the gauging platform or sampling area, inspect 
for plugged drain return to the tank. 

C.1.5.9 Emergency Roof Drains 

Inspect vapor plugs for emergency drain: that seal fabric discs are slightly smaller than 
the pipe 10 and that fabric seal is above the liquid level. 

C.1.5.10 Removable Roof Leg Racks 

Check for leg racks on roof. 

C.1.5.11 Vacuum Breakers 

Report size, number, and type of vacuum breakers. Inspect vacuum breakers. If high legs 
are set. check for setting of mechanical breaker in high leg position. 

C.1.5.12 Rim Vents 

a. Check condition of the screen on the rfm vent cover. 

b. Check for plating oft or removal of rim vents Where jurisdictional rules do not permi1 
removal. 

C.1.5.13 Pontoon Inspection Hatches 

a, Open pontoon inspection hatch covers and visually check inside for pontoon leakage. 

b. Test for explosive gas (an indicator of vapor space leaks). 
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TANK IN-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments v 
c. If pontoon hatches are equipped with locked down coves, check lor vent tubes. 

Check that vent tubes are not plugged up. Inspect lock-down devices for condition and 
operation. 

C.1.6 Accessways 

See Tank Out-of-Service Inspection Checklist. item C.2.12. 

Notes: 
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TANK OUT-OF~SERVICE INSPECTION CHECKLIST 

Item 
Completed 

Comments v 
C.2.1 OVERVIEW 

a. Check lhat lank has been cleaned, is gas free. and safe for entry. 

b. Check that the tank is completely isolated from product lines, all electrical power, and 
steam lines. 

c . Check that roof is adequately supported, including fixed roof structure and floating 
roof legs. 

d. Check for presence of falling object hazards, such as corroded-through roof rafters, 
asphalt stalactites, and trapped hydrocarbons in unopened or plugged equipment or 
appurtenances, ledges, etc. 

e. Inspect for slipping hazards on the bottom and roof decks. 

f. Inspect structural welds on accessways and clips. 

g . Check surfaces needing Inspection for a heavy-scale buildup and check weld seams 
and oily surfaces where welding is to be done. Note areas needing more cleaning, 
including blasting. 

C.2.2 TANK EXTERIOR 

a. Inspect appurtenances opened during cleaning such as lower floatlng swing sheave 
assemblies, nozzle interiors (after removal of valVes). 

b. Hammer test or ultrasonically test the roof. 

c . E,nter and inspect the floating roof pontoon compartments. 

C.2.3 BOTTOM INTERIOR SURFACE 

a, Using a flashlight held close to and parallel to the bottom plates, and using the bottom 
plate layout as a guide. visually inspect and hammer test the entire bottom. 

b. Measure the depth of pitting and describe the pitting appearance (sharp edged, lake 
type, dense, scattered, etc.) 

C. Mark areas requiring patching or further inspection. 

d. Mark locations for turning coupons for inspection. 

e. Inspect all welds for corrosion and leaks , particularly the shell-to-bottom weld. 

I. Inspect sketch plates for corrosion. 

g. Check condltlon of internal sump, if applicable. Standing liquid should be removed 

01 
from the sump to allow for complete inspection and vacuum testing of weld seams as 
appropriate. Sump bottom and sidewall plate and seams need to be evaluated 
for both product-side and soil-side corrosion. 

h. Locate and mark voids under the bottom. 

i. Record bottom data on a layou1 sketch using the existing bottom plates as a grid. 
Ust the number and sizes of patches required. 

j. Vacuum test the bottom lap welds. 

k, Hammer test or ultrasonically examine any slightly discolored spots or damp areas. 

I. Check tor reinforcing pads under all bottom attached clips, brackets, and supports. 

m. Inspect floating roof leg pads for pitting or cutting, and excessive dimpling (indicating 
excessive loading). 

n. Check the column bases of fi)(ed root supports for adequate pads and restraining 
clips. 

0 . In earthquake zones 3 and 4, check that root supports are not welded down to the 
tank bottom, but are only restrained from horizontal movement. 

p. Check area beneath swrng line cable for indications of cable cutting or d(agging. 

q. Mark old oil and air test connection for removal and patching. 

r. Identify and report low areas on the bottom that do not d rain adequately. 

s. Inspect coating for holes, disbanding, deterioration, and discoloration. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST-Continued 

Item 
Completed 

Comments v 
C.2.4 SHELL SEAMS AND PLATE 

a. On cone up bottoms, closely inspect and gauge the depth of metal loss on the lower 
2 in. to 4 in. of the shell (area of standing water). 

b. Measure the depth of prtting on each course. 

c. Inspect and estimate the amount of metal loss on the heads of rivets and bolts. 

d. Inspect shell-to· bottom riveted lap joints. 

e. Inspect for vertical grooving damage from seal assembly protrusions. 

f. Inspect existing protective coatings for damage, deterioration, and disbanding. 

g. Check for areas of rubbing (indicating too much pressure by the seal assembly shoes 
or inadequate annular space). 

h. Visually inspect the shell plates and seams for indications of leakage. 

i. If the shel l has riveted or bolted seams, record the leak locations by film or chart in 
case the locations are lost during surface preparation lor painting. 

j. Measure annular space at 40·ft intervals. 

k. Survey the shell to check lor roundness and plumb. 

C.2.5 SHELL-MOUNTEO OVERFLOWS 

a. Inspect overflow for corrosion and adequate screening. 

b. Check location of overflow that it is not above any tank valves or equipment 

C.2.6 ROOF INTERIOR SURFACE 

C.2.6.1 General 

a Visually inspect the underside surface of the roof plates for holes, scale buildup, and 
pitting. 

b. Hammer test or ultrasonically examine to check for thin areas, particularly in the vapor 
space of floating roofs and at edge of roof on cone roof tank. 

c. Check all clips, brackets, braces, etc., welded to the roof deck plate for welded 
reinforcing pads and see that they have not broken free. 

d. If no pad is present, penetrant test for cracking o1the weld or deck plate. 

e. Inspect tor protective coating for breaks, disbandment, and deterioration. 

t. Spark test the interior surface coating 1t recoating is not planned. 

C.2.6.2 Fixed Roof Support Structure 

a. Inspect the support columns for thinning in the upper 2 ft. 

b. On API columns (two channels welded together) check for corrosion scale breaking 
the 'tack welds, unless the joint between the channels is completely seal welded. 

c. Check that the reinforcfng pad on the bottom is seal-welded to the tank bottom with 
horizontal movement restraining clips welded 10 1he pad. 

d. Determine if pipe column supports are concrete filled or open pipe. It open pipe, 
check for a drain opening In the bottom of the pipe. 

e. Inspect and gauge rafters for thinning, particularly near the center of the root. Report 
metal loss. 

f. Check for loose or twisted rafters. 

g . Inspect girders for thinning and check that they are attached securely to I he top of the 
columns. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments 

""' 
h. Report if the columns have cross bracing in the area between the low pump out of the 

top ot the shell (for future internal floating roof installat ion). 

i, Inspect and report presence of any roof-mounted swing line bumpers. 

j. Photograph the roof structure if no rafter layout draw1ng exists. 

C.2.7 FIXED ROOF APPURTENANCES 

C.2.7.1 Inspection and light Hatches 

a. Inspect the hatches tor corrosion, paint and coating failures. holes, and cover sealing. 

b. On loose covers, check for a safety chain ln good condition. 

c. On light hatches over 30 in. across, check for safety rods. 

d. Inspect the condition of the gaskets on bold or latched down hatch covers. 

C.2.7.2 Staging Support Connection 

Inspect the condition of the staging support for corrosion. 

C.2.7.3 Breathers and Vents 

a. Inspect and service the breather. 

b. Inspect screens on vents and breathers. 

C.2.7.4 Emergency PN Hatches 

a. Inspect and service pressure/vacuum hatches. (Setting should be high enough to 
prevent chattering of breather during normal operation. See breather manufacturer's 
guide.) 

b. Inspect liquid seal hatches for corrosion and proper liquid level in the seal. 

C.2.7.5 Sample Hatch 

a Inspect sample hatch for corrosion. 

b. Check that the cover operates properly. 

c. If the tank has no gauge well , check for a hold-off distance marker and check mea-
surement. 

C.2.8 FLOATING ROOF 

C.2.8.1 Roof Deck 

a. Hammer test the area between root rim and shell. (If access tor hammer testing is 
inadequate, measure the distance from the bottom edge of the roof to the corroded 
area and then hammer test from inside the pontoon.) 

b. In sour water service, clean and test all deck plate weld seams for cracking unless the 
lower laps have been seal-welded. 

c . Check that either the roof drain Is open or the drain plug in the roof is open ln case of 
unexpected rain. 

d. On flat bottomed and cone bottom roof decks, check for a vapor dam around the 
periphery of the roof. The dam should be continuous without break to prevent escape 
ol vapors to the seal area from under the center of the roof. 

C.2.8.2 Floating Roof Pontoons 

a. Visually inspect each pontoon for liquid leakage. 

b. Run a light wire through the gooseneck vents on locked down inspection hatch covers 
to make sure they are open. 

c . Inspect lockdown latches on each cover. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments 
t/ 

d. Check and report if each pontoon ls: 

1. Vapor tight (bulkhead seal welded on one side on bottom, sides, and top), 

2. Uquid tight (seal-welded on bottom and sides only), or 

3. Unacceptable (minimum acceptable condition is liquid tight). 

C.2.8.3 Floating Roof Cutouts 

a. Inspect underside of cutouts for mechanical damage. 

b. Inspect welds for cracks. 

c. Inspect plate for thinning. pitting, and erosion. 

d. Measure mixer cutouts and record plate thickness for future mixer installation or 
replacement. 
Plate thiCkness _ ___ 

C.2.8.4 Floating Roof Supports 

a. Inspect fixed low and removable high floating roof legs for thinning. 

b. Inspect for notching at bottom of legs for drainage. 

c. Inspect for leg buckling or felling at bottom. 

d. Inspect pin hole in roof guide for tears. 

e. Check plumb of all legs. 

f. Inspect for adequate reinforcing gussets on all legs through a single ponion of the 
roof. 

g. Inspect the area around the roof legs for cracking if there is no internal reinforcing pad 
or if the topside pad is not welded to the deck plate on the underside. 

h. Inspect the sealing system on the two-position legs and the vapor plugs in the fixed 
low leg for deterioration of the gaskets. 

L On shell-mounted roof suppons, check for adequate clearance based on the maxi-
mum floating roof movement as determined by the position of the roof relative to the 
gauge well and/or counter-rotatfonal device. 

C.2.9 FLOATING ROOF SEAL ASSEMBLIES 

C.2.9.1 Primary Shoe Assemb ly 

a. Remove four sections of foam log (foam-nlled seals) for inspection on so• locations. 

b. Inspect hanger attachment to roof rim for thinning, bending, broken welds, and wear 
of pin holes. 

c. Inspect clips welded to roof rim for thinning. 

d. Shoes- inspect for thinning and holes in shoes. 

e. Inspect for bit-metal bolts, clips, and attachments. 

f. Seal fabric-inspect for deterioration, stiffening. holes, and tears in fabric. 

g. Measure length of fabric from top of shoe to roof rim, and check against maximum 
anticipated annular space as roof operates. 

h. Inspect any modification of shoes over shell nozzles, mixers, etc., for clearance. 

i. Inspect shoes for damage caused by striking shell nozzles, mixers, etc. 

C.2.9.2 Primary Toroidal Assembly 

a. Inspect seal fabric for wear, deterioration, holes, and tears. 
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Item 
Completed 

Comments II 

b. Inspect hold-down system for bu~ling or bending. 

c . Inspect foam for liquid absorption and deterioration. 

C.2.9.3 Rim-Mounted Secondaries 

a. Inspect the rim-mounted bolting bar for corrosion and broken welds. 

b. Measure and chart seal-to-shell gaps. 

C. Visually inspect seam from below, looking for holes as evidenced by light. 

d. Inspect fabric for deterloratlon and stiffness. 

e. Inspect for mechanical damage, corrosion, and wear on tip in contact with shell . 

f. Inspect for contact with obstructions above top of shell. 

C.2.10 FLOATING ROOF APPURTENANCES 

C.2.10.1 Roof Manways 

a. Inspect walls of manways lor pitting and thinning. 

b. On tanks with interface autogauges, check seal around gauge tape cable and guide 
wires through manway cover. 

c . Inspect cover gasket and bolts. 

C.2.10.2 Rim Vent 

a. Check rim vent for pitting and holes. 

b. Check vent for condition of screen. 

c. On floating roof tanks where the environmental rules require closing off the vent. 
check I he vent pipe for corrosion at the pipe-to-rim joint and check that the blinding is 
adequate. 

C.2.10.3 Vacuum Breaker, Breather Type 

a. Service and check operation of breather valve. 

b. Check that nozzle pipe projects no more than lJ2 in. below roof deck. 

C.2.10.4 Vacuum Breaker, Mechanical Type 

Inspect the stem for thinning, Measure how tar the vacuum breaker cover is raised off the 
pipe when the roof is resting on high or low legs. 

a. On high legs: 

b. On low legs: 

C.2.10.5 Roof Drains: Open Systems, Including Emergency Drains 

a. Check liquid level inside open roof drains for adequate freeboard. Report if there is 
insuHlcient distance between liquid level and top of drain. 

b. If tank comes under Air Quality Monitoring District rules. inspect the roof drain vapor 
plug. 

c. If emergency drain is not at the center of the roof, check that there are at least three 
emergency drains. 

C.2.10.6 Closed Drain Systems: Drain Basins 

a Inspect for thinning and pitting. 

b. Inspect protective coating (topside). 

c. Inspect basin cover or screen for corrosion. 

d. Test operation of check valve. 
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Item 
Completed 

Comments v 
e. Check for presence of check valve where bottom of basin is below product level. 

f. Inspect drain basin(s) to roof deck welds for cracking. 

g. Check drain basin(s) outlet pipe for adequate reinforcement to roof deck (including 
reinforcing pad). 

C.2.10.7 Closed Drain Systems: Fixed Drain Line on Tank Bottom 

a. Hammer test fixed drain line on tank bottom for thinning and scale/debris plugging. 

b. Inspect supports and reinforcing pads for weld failures and corrosion. 

c. Check that pipe is guided, not rigidly locked to support, to avoid tearing of tank bottom 
plate. 

C.2.10.8 Closed Drain Systems: Flexible Pipe Drain 

a. Inspect for damage to exterior of pipe. 

b. Check for obstructions that pipe could catch on. 

c. Inspect shields to protect pipe from snagging. 

d. Inspect results of hydrostatic test on flextble roof drain system. 

C .. 2.10.9 Closed Drain Systems: Articulated Joint Drain 

a, Hammer test rigid pipe in flexible joint systems for thinning and scale/debris plugging. 

b. Inspect system lor signs of bending or strain. 

c. Inspect results of system hydrostatic test. 

d. Inspect landing leg and pad. 

C.2.10.10 Autogauge System and Alarms 

a. Check freedom of movement of tape through autogauge tape guide. 

b. Inspect sheaves for freedom of movement. 

c. Test operation checker. 

d. Inspect tape and tape cable for twisting and fraying. 

e. Test the tape's freedom of movement through guide sheaves and tape guide pipe. 

f. On open-top tanks, check that gate tapes with cables have no more than one foot of 
tape exposed with float at lowest point. 

g . Check float lor leakage. 

h. Test float guide wire anchors for spring action by pulling on wire and releasing. 

l. Inspect floatwells in floating roofs for thinning and pitting of walls just above the nquid 
level. 

j. Check that the autogauge tape is firmly attached to the float. 

k. Inspect the tape cable and float guide wire fabric seals through the float well cover. 

I. Inspect the bottom guide wire attachment clip: inspect tor a temporary weighted bar 
instead of a permanent welded down clip, 

m. Inspect board-type autogauge Indicators tor legibili1y and freedom of movement of 
lndicator. 

n. Measure and record these distances to determine if seal damage will occur if tank is 
run over1rom: 

1. Shell top angle to underside of tape guide system. 

2. Liquid level on floating top to top of secondary seal, 
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Item 
Completed 
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0. Identify floating roofs where the tape is connected directly to the roof. 

p. Overfil l alarm: Inspect tank overfill prevention alarm switches lor proper operation. 

C.2.11 COMMON TANK APPURTENANCES 

C.2.11.1 Gauge Well 

a. Inspect gate well pipe lor thinning at about two-thirds distance above the bottom: look 
for thinning at the edge of the slots. 

b. Check for corrosion on the pipe joint. Check that sample cords, weights. thermome-
tars, etc., have been removed from the pipe. 

c . Check for cone at bottom end of pipe about one foot above the bottom. 

d. Check condition of well washer pipe and that its flared end is directed at the near side 
of the hold off pad. 

e. Check that supports for gauge well are welded to pad or to shell and not directly to 
bottom plate. 

f. Check operation of gauge well cover. 

g. Check presence of a hold-off distance marker in well pipe and record hold·oH 
distance. 
Hold-off distance 

h. Identify and report size and pipe schedule, and whether pipe is solid or slotted. Report 
slot size. 

i. Check that the hold-off distance plate is seal-welded to the bottom and that any gauge 
well supports are welded to the plate and not directly to the bottom. 

f. Inspect vapor control float and cable. 

k. Check for presence and condition of gauge well washer. 

I. Check for bull plug or plate blind on gauge well washer valve. 

m. Inspect gauge well guide in floating roof lor pitting and thinning. 

n. Inspect the guide rollers and sliding plates for freedom of movement. 

0 . Inspect condition of gauge well pipe seal system. 

p. On black oil and diesel services: if gauge well is also used for sam pOng, check for 
presence of a thie1· and gauge-type hatch to avoid spillage. 

q. Visually inspect inside of pipe for pipe weld protrusions which could catch or damage 
vapor control float. 

C.2.11.2 Sampling Systems: Roof Sample Hatches 

a. Inspect roof-mounted sample hatches for reinforcing pads and cracking. 

b. Inspect cover for operation. 

c. For tanks complying with Air Quality Monitoring District rules, inspect sample hatch 
covers for adequate sealing. 

d . Check horizontal alignment of internal f loating roof sample hatches under fixed roof 
hatches. 

e. Inspect the sealing system on the internal floating roof sample hatch cover. 

f. Inspect floating roof sample hatch cover recoil reel and rope. 

C.2.11 .3 Shell Nozzles 

a. Inspect shell nozzles tor thinning and pitting. 

b. Inspect hot tap nozzles for trimmrng of holes. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments V' 

c. Identi fy type of shell nozzles. 

d. Identify and descdbe internal piping, including elbow-up and elbow-down types. 

C.2.11.4 For Nozzles Extended Into the Tank 

a. Inspect pipe support pads welded to tank bottom. 

b. Inspect to see that pipe is free to move along support without strain or tearing action 
on bottom plate. 

c. Inspect nozzle valves for packing leaks and damaged flange faces. 

d. Inspect heater stream nozzle flanges and valves for wire cutting. 

e. Report which nozzles have thermal pressure relief bosses and valves. 

f. In internal elbow-down fill line nozzles, inspect the wear plate on the tank bottom. 

g. On elbow-up fill lines in floating roof tanks, check that opening is directed against 
underside of roof, not against vapor space. Inspect impact are for erosion. 

C.2.11.5 Diffusers and Air Roll ing Systems 

a. Inspect diffuser pipe for erosion and thinning. 

b. Check holes in diffuser for excessive wear and enlargement. 

c. Inspect diffuser supports for damage and corrosion. 

d. Check that diffuser supports restrain, not anchor, longitudinal line movement. 

e. Inspect a ir spiders on bottom of lube oil tanks for plugging and damaged or broken 
threaded joints. 

C.2.11 .6 Swing Lines 

a. Inspect flexible joint for cracks and leaks. 

b. Scribe the flexible joint across the two moving faces and raise end of swing line to 
check the joint's freedom of movement. indicated by separation of scribe marks. 

c. Check that flexible joints over 6 in. are supported. 

d. Inspect the swing pipe for deep pitting and weld corrosion. 

e. Loosen the vent plugs in the pontoons and listen for a vacuum. Lack ot a vacuum 
indicates a leaking pontoon, 

f. Check the results of air test on pontoons during repairs. 

g. Inspect the pontoons for pitting. 

h. Inspect the pull-down cable connections to the swing. 

I. Inspect the condition of the bottom-mounted support, fixed roof llmiting bumper, or 
shell-mountec,llimiting bumper tor wood condition, Weld and bolt corrosion. and seal 
welding to bottom or shell. 

j. Inspect safety hold-down chain for corrosion and weak links. 

k. Check that there is a welded reinforcing pad where the chain connects to the bottom. 

I. lithe floating swing in a floating.or internal floating roof tank does not have a limiting 
device preventing the swing from exceeding 60 degrees, measure and calculate the 
maximum angle possible with the roof on overflow. 
Max. angle on overflow 
(It the calculated angle exceeds 65 degrees, recommended installation of a limiting 
bracket.) 

m. Inspect pull-down cable for fraying. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments v 
n. Inspect for three cable clamps where cable attaches to end of swing line (single-

reeved) ot to roof assembly (double-teeved). lnspect sheaves for freedom of move-
ment. 

0. Inspect winch operation and check the height indicator for legibility and accuracy. 

p. Inspect bottom-mounted sheave assembly at end of pontoon for freedom of rotation 
of sheave. 

q. Inspect shell-mounted lower sheave assembly for freedom of rotation of sheave, 
corrosion thinning, and pining of sheave housing. 

r. Inspect upper sheave assembly for freedom of movement of sheave. 

s. Inspect the cable counterbalance assembly for corrosion and freedom of operation. 

C.2.11.7 Manway Heater Racks 

a. lr1Spect the manway heater racks for broken welds and bending of the sliding ralls. 

b. Measure and record the length of the heater and length of the track. 

C.2.11 .8 Mixer Wear Plates and Deflector Stands 

a. Inspect bottom and shel l plates and deflector stands. 

b. Inspect for erosion and corrosion on the wear plates. Inspect for rigidity, structural 
soundness, corrosion. and erosion of deck plates and reinforcing pads that are seal-
welded to the bottom under the deflector stand legs. 

c. Measure for propeller clearance between the bottom of deflector stand and roof when 
the roof is on low legs. 

C.2.12 ACCESS STRUCTURES 

C.2.12.1 Handrails 

a. Identify and report type (steel pipe, galvanized pipe, square tube, angle) and size of 
handrails. 

b. Inspect for pitting and holes, paint failure. 

c. Inspect attachment welds. 

d . Identify cold joints and sharp edges. Inspect the handrails and midrails. 

e. Inspect safety drop bar (or safety chain) for corrosion, functioning, and length. 

t. Inspect the handrail between the rolling ladder and the gaging platform for a hazard-
ous opening when the floating roof is at its lowest level. 

C.2.122 Platform Frame 

a. Inspect frame for corrosion and paint failure. 

b. Inspect the at1achment of frame to supports and supports to tank for corrosion and 
weld failure. 

c. Check reinforcing pads where supports are al1ached to shell or roof. 

d. Inspect the surface that deck plate or grating rests on, lor thinning and holes. 

e. Check that flat-surface-to-flat-surface junctures are seal-welded. 

C.2.12.3 Deck Plate and Grating 

a. Inspect deck plate for corrosion-caused thinning or holes (not drain holes) and paint 
failure. 

b. Inspect plate-to-frame weld for rust scale bUildup. 

c. Inspect grating for corrosion-caused thinning of bars and failure of welds. 
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TANK OUT-OF-SERVICE INSPECTION CHECKLIST -Continued 

Item 
Completed 

Comments t/ 

d. Check grating tie down clips. Where grating has been retrofitted to replace plate, 
measure the rise of the step below and above the grating surface and compare with 
other risers on the stairway. 

C.2.12.4 Stairway Stringers 

a. Inspect spiral stairway stringers for corrosion, paint failure, and weld failu re. Inspect 
attachment of stairway treads to stringer. 

b. Inspect stairway supports to shell welds and reinforcing pads. 

c. Inspect steel support attachment to concrete base for corrosion. 

C.2.1 2.5 Rolling Ladder 

a. Inspect rolling ladder stringers for corrosion. 

b. Identify and inspect ladder fixed rungs (square bar, round bar, angles) for weld 
attachment to stringers and corrosion, particularly where angle rungs are welded to 
stringers. 

c . Check for wear and corrosion where rolling ladder attaches to gaging platform. 

d. Inspect pivot bar for wear and secureness. 

e. Inspect operation of self-leveling stairway treads. 

f. Inspect for corfosion and wear on moving parts. 

g. Inspect rolling ladder wheels for freedom of movement, flat spots, and wear on axle. 

h. Inspect alignment of rolling ladder with roof rack, 

i. Inspect lop surface of rolling ladder track for wear by wheels to assure at least 18 in. 
of unworn track (track long enough). 

j. Inspect rolling ladder track welds for corrosion. 

k. Inspect track supports on roof for reinforcing pads seal-welded to deck plate. 

I. Check by dimensioning, the maximum angle of the rolling ladder when the roof is on 
low legs. 
Max. angle 

m. If rolling ladder track extends to within 5 ft of the edge of the roof on the far side, check 
for a handrail on the lop of the shell on that side. 

Notes: 



APPENDIX D-AUTHORIZED INSPECTOR CERTIFICATION 

0.1 Examination 

A written examination to certify an authorized inspector 
withiu the scope of API Std 653 shall be administered by a 
third pany ues ignated by API. The examination shall be 
based on the current API Std 653 Body of Knowledge as pub
lished by APL 

0.2 Certification 

0 .2.1 An API Std 653 authorizeu inspector certificate will 
be issued when an applicant has successfu lly passed the API 
Std 653 ce1tification examination. and satisfies the criteria for 
education and experience. Education and experience. when 
combined, shall be equal to at least one of the following ~ 

a. A bachelor of science degree in engineering or technology 
plus 1 year of experience in supervision or performance of 
inspection activities as described in APL Std 653. 
b. A 2-year degree or certificate in engineering or technol
ogy, plus 2 ye;us of experience in the design. construction, 
repair, inspection, or operation of aboveground storage tanks, 
of which I year must be in supervision or performance of 
inspection activities as described in API Std 653. 

c. A high school diploma or equivalent, plus 3 years of expe
rience in the design, construction, repair, inspection, or 
operation of aboveground stomge tanks, of which l year must 
be in supervision or performance of inspection activities as 
described in API Std 653. 
d. A minimum of 5 years of experience in the design, con
~tnJction , repair, inspection. or operation of aboveground 
srorage tanks, of which I year must be in supervision or per
formance of inspection activities as described in API Std 653, 

0.2.2 An API certificate for an authorized inspector is valid 
for 3 years from its date of issuance. 

0.2.3 An API Std 653 authorized inspector certificate is 
valid in all jurisdictions and any other location that accepts or 
other wise does not prohibit the use of API Std 653. 

D-1 

0.3 Certification Agency 
The American Petroleum lnstitute shall be the: certifying 

agency, 

0.4 Retroactivity 
The certification requirements of API Std 653 shall not be 

retroactive or interpreted as applying before 12 months after 
the date of publication of this edition or addendum of APL 
Std 653. The recertification requirements of API Std 653. 
Section 0 .5 shall not be retroactive or interpreted as apply
ing before 3 years after the date of publication of this edi
tion or addendum of API Std 653. 

0.5 Recertification 
0.5.1 Recertification is required three years from the date 
of issunm:e of the API Std 653 authorized inspector certifi
cate. Recertification by written examination will be required 
for authorized inspectors who have not been actively engaged 
as authorized inspectors within the most recent three-year 
certification period. Recertification exams will be in accor
dance with all of tht provisions contained in API Std 653. 

0 .5.2 "Actively engaged" as an authorized inspector shall 
be defined as a minimum of 20 percent of time spent perform
ing or supervising inspection activities as described in API 
Std 653 over the most recent 3-ye:u certification period. 

Note: Inspection activities common to other API inspection docu
ments (N DE. record keeping. review or weldi11g documents. etc.) 
may be considered here. 

0 .5.3 Once every other recel"tification period (every <;ix 
years), inspectors actively engaged as an authorized inspector 
shal demonstrate knowledge of revis ions to API 653 that were 
instituted during the previous six years. This requirement 
shall be effective six years from the inspector's initial cerLili
cation date. Inspectors who have not been actively engaged 
as an authorized inspector within the m<~sl recenr three-year 
period shall recertify as required in 0.5.1. 

03 I 
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APPENDIX E-TECHNICAL INQUIRIES 

E.1 Introduction 

E.1 .1 API will consider w1itten requests for interpretations of Std 653. API staff wi II make such interpretations in writing after 

consulting, if necessary, with the appropriate committee officers and committee members. The API committee responsible for 
maintaining Std 653 meets regularly to consider written reque$tS for interpretations and revis io11s and to develop new criteria dic
tated by technological development. The committee's activities in this regard are limited strictly to interpretations of the standard 
and to the consideration of revisions to the present s tandard. 

E.1 .2 As a matter of policy. API does not approve, ce11ify. rate, or endorse any item, construction, proprietary device. or activ
ity, and accordingly, inquiries that requin:: such consideration will be returned. Moreover, API does not act as a consultant on spe
cific engineering problems or on the general understanding or application of the standard. If it is the opinion of the committee. 
based on the inquiry information submitted, that the inquirer should seek other assistance. the inquiry will be returned with the 
recommendation that such assistance be obtained. All inquiries that do not provide the infonnation needed for the committee's 
fu ll unders tanding will be returned. 

E.2 Inquiry Format 

E.2.1 Inquiries shall be limited s trictly to requests for interpretation of the standard or to the consideration of revis ions to the 
standard based on new data or technology. fu<.juiries shall be submitted in the format described in E.2.2 througJ1 E.2.5. 

E.2.2 The scope of an inquiry shall be limited to a s ingle subject or a group of clo$ely related subjects. An inquiry concerning 
two or more unrelated subjects will be returned. 

E.2.3 An inquiry shall s rart with a background section that states the purpose of the inquiry, which would be either to obtain 
an interpretation of the standard or to propose a revision t() the stundard. The background section shall concisely provide the 
information needed for the committee's understanding of the iJlQUi ry (with skelches as necessary) and shall cite the applicable 
edition. revision, paragraphs, figures, and tables. 

E.2.4 After the background section, tm inquiry's main section shall state the inquiry as a condensed. precise questjon, omitting 
sllperfluous background information and, where appropriate, posing the yuestion so that the reply could take U1e f0m1 of"yes" or 
"no•· (perhaps wi th provisos). 1l1is inquiry smtement should be technically and editorially correct. The inquirer shall state what 
he/she believes the standard requires. l'f he/she believes a revision to the standard is needed, he/she shall provide recommended 
wording. 

E.2.5 The inquirer shall indude bis/her name.. mailing address, e-mail address, telephone. and fax number. Inquiries should be 
submitted to the director. Standards Department, American Petroleum Institute. 1220 L Street, N.W., Washington, D.C. 20005 
(standards@api.org). 

E.3 Technical Inquiry Responses 

Note: Original AppendiK Tl movetl to thisAppendi)(, 

Following are selected reSJX)nse~ to requests for interpretation of API Std 653 requirements. A more extensive listing of inter
pretations can be found at www.api.org in the "Committees/Standards Development'' section. 

SECTION 1 SCOPE 

653-1-10/98 

Question; To apply API Std 653 to a repair of a riveted tank, what rules are applicable? 

Reply: For riveted tanks. the rules in the original code of consrruction should be applied fm· jssues not covered in API Std 
653. Refer to 1.1.5 of APT Std 653. Otherwise. all of the applicable rules in API Std 653 <lpply. 

Note: T he minimum thickness l"alcutation f1)r a rivt:led tank shell is covered in 4.3.4. 

E-1 
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E-2 

SECTION4 

653-J-04/01 

API STANDARD 653 

SUIT ABILITY FOR SERVICE 

Question: Given that an inspection in accordance with API Std 653 is pending for selected tanks const11Jcted in accordance 
with the 7th Edition of API Std 650, are these tanks required by API Std 653 to be upgraded to meet lhe require
ments of the current ( I Oth) edition of API Std <150? 

Reply: No. However, if there b a change in service involved, or there is a reconstruction, repair, or :tltemtion required. 
rhen the requiremer1ts in API Std 653 generally invoke the cun·ent edit·ion of API Std 650 for the evalu<ltion/con
struction work required. Refer to the appropriate sections in API Std 653. 

SECTION 4.4.3 MAXIMUM THICKNESS CALCULATION FOR WELDED TANK SHELL 

653-l-09/00 

Questiun I: When evaluating the retirement thickness in a corroded plate away from welds at a distance of at least the greater 
of one inch or twice the plate thickness. should a joint efficiency of E = l.O to be used? 

Reply 1: Yes. 

Que.slinn 2: If the joint efficiency E, for an existing tank is less than 1.0. should this vnlue forE be used in calculnting the min
imum required thickness of the tank? 

Reply 2: Yes. 

SECTION 4.2.4 CHANGE OF SERVICE 

653-1-10/00 

Question: Shall the design requirements of the latest edition of A PI Std 650 be considered for tanks thm will have their oper
ating temperature increased above 200°F'? 

Reply: Yes. See Sections 1.1.5 and 4.2.4.3. 

653-1-03/0 I 

Question 1: An existing tank greater than 100ft in diameter with a lap-welded bollom is currently in heated se1vice (> 200°F). 
This tank is removed from service for a routine intemal inspection. Does this tank bave to be retmtitted with an 
annular ring per API Std 650. Section M.4? 

Reply I! Yes. See Sections I. I .5 and 4.2.4.3. 

Qw~stio11 2: An existing tank greater than 100 fl in diameter with a l:tp-welded bottom is being changed to heated service. Does 
A Pl Std 653, 4.3.3.4 require this tank to be retrofitted with an annular ring per API Std 650, M.4.1 ? Or is it accept
able to evaluate the tank per M.4.2 to detem1ine if stresses, minimum fill height. and fii Vempty cycles will be 
acceptable with the existing lap welded bottom? 

Reply 2; Yes. See Sections 1.1.5 and 4.2.4.3. 

SECTION 4.4.7 MINIMUM THICKNESS FOR A TANK BOTTOM PLATE 

653-1-04/00 

Question: Does API Std 653 require that taJ'lk bOttom expel:teu service life calculations for a bottom that has been J'ep<'lired 
with patch plates fillet-welded over areas of underside pitting, be based on the corrosion rate (UPr) of the repai red 
areas or the unrepaired areas? 

Reply: Refer to API Std 653, Section 4.4.7.1. The last paragraph in the note in this section requires the use <>f the corro
sion rate of the corroded area be used, unless the cause of the corrosion is removed in which case the corrosion mte 

of the unrepaired urea can be used. 



TANK INSPECTION, REPAIR, ALTERATION, AND RECONSTRUCTION 

SECTION 6.3 INSPECTIONS FROM THE OUTSIDE OF THE TANK 

653-1-12/99 

E-3 

Question: Does API Std 653, 6.3.2, indicate w hen the 5-year external inspection interval is to be measured from, e.g., the 
date last inspected. the date on the last inspection report, or the date put back in service? 

Reply: The iru;pection interval is to be measured from the date of the last inspection. See API Std 653, 6.3.2. l. 

SECTION 6.4.2 INSPECTION INTERVALS 

653-1-03/02 

Question: Referring to Sections 6.4.2.2 (last sentence) and 6.4.3 (5th sentence), do they mean together that the inspection 03 
interval shall not exceecl20 years un less an RBI assessment is performed to support an extension? 

Reply: Yes. 

SECTION 7.3 ORIGINAL MATERIALS FOR RECONSTRUCTED TANKS 

653-1- 14/98 

Q11estion: Does API Std 653 permit the welding of electrical conduit supports (unistruts) be welded onto the projection of 
bottom plates outside the shell of tanks built to API Std 650? 

Repfv: Section 7 of A PI Std 653 defers this issue to APT Std 650. which requires that the material comply with Section 2. 
The welding and NDE should comply with API Srd 650, 5.2.3.5. 

SECTION 8.4 SHELL DESIGN 

653·1-06/99 

IJackgrnund: API Stu 653 2nd Edition, Addendum 2, 6.4.2 requires the use of hydrostatit: stresses (S,) from API Std 650, Table 
3-2. Prior to rhe issuance of Addendum 2 of APT Srd 653. the fom1ulas 1n API Stds 650 and 653 were the sc.me except for the 
joint factor (E) conl·:unecJ in the APl Stcl 653 formula. 

A reconstn•cted tank with its original weld (or riveted) joints must maintain the Joinr efficiency of its original constmction. 
API Std 653 requires the design anti hydrostatic stresses from API Std 650 be used for reconstntcted tanks. This indicates that 
the formulas from API Std 650 should also be used for design and hydrostatic testing of a reconstructed tank. The addition of a 
joint factor is required if original joints remain in the rank. If all o ld joint<> are removed, the current API Std 650 design fom1ula 
may be used. Since API Stds 650 and 653 fom1ulae were the same before Addendum 2. this posed no problem. 

Qw:stio11 1: Now that there is<~ difference in the fonnulas (dropping the ''1'' from the API Std 653 formula), is it the intenl of 
APf Std 653 that the API Std 650 formu la (below) with an "£'', atlded for the jpint efficiency, be used when a 
reconstmcted tank is involved? 

r, = 2.6D(H-I)G +CA 
, s,,E 

Reply I: Yes. 

Ques1ion 2: Is It the intent of API Std 653 tbilt the API Std 650 formula for the hydrostatic test height be used when a recon
.stntcted tank is involved? 

Ref?ly 2: Yes. 

Que:stitm 3: Did the t:omrnitree intend that the formula given in API Std 653 with uUowable stresses for a new tank from API 
Std 650 be used for the design of a re<.:onstructed tank? 

Reply 3: No. The committee is currently considering an agenda item to modify APJ Std 653 to avoid this confusion. 
Changes resulting from this agenda item will appear in a future edition or addendum to APJ Std 653. 
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E·4 API STANDARD 653 

SECTION 9.1 TANK REPAIR AND ALTERATION 

653-f-09/98 

Qr1e.~tirm: A tank has been repaired and hydrotested according to the requirements of API Std 653. Following the hydrotest, 
a condition not complying with APl Std 653 is discovered, e.g. a weld spacing being too small. tha: was not iden
tified prior to testing. Is this tank acceptable for service'? 

Reply: At the time the tank repair and testing was completed the tank is acceptable for service per API Std 653, assuming 
there was no prior knowledge of the noncomplianl condition. If the condition was idenlified after hydroresting, 
that condition must be evaluated ru1d handled as required by the tank owner/operator and the local jurisdiction. 

653-1-03/00 

Que.\·tion 1: With reference to APJ Std 653. does nn authorized inspector have to be on site during reconstruction, repnirs and 
alterations? 

Reply 1: No. but the authorized inspector is required to be on the site for the external 1111d internal inspecticnll required by 
API Std 653, 6. 

Question 2: Can a company have more than one AP[ Std 653 Inspector under the same inspecror :wthorization number? 

Reply 2: No. 

Question3: lc; an APl Std 653 inspector qualified to inspect site construction for "new'' API Std 650 tanks? 

Reply 3: API Std 653, and its inspector certification program, does not apply to new construction per API Std 650. 

SECTION 9.2 REMOVAL AND REPLACEMENT OF SHELL PLATE MATERIAL 

653~1 . 14/98 

Question: Do the welding requirements for the critical zone of 9.2.2 of API Std 653 apply to the welds made for attaching 
supports, such as unistrut supports welded to the projection of bottom plates? 

Reply: No. The critical zone is inside the tank shell. 

SECTION 9.3 SHELL REPAIRS USING LAP-WELDED PATCH PLATES 

653-1- 1 J/~9 

Questin11 I : Referring to A PI Std 653. 9.3.1.1, what is rhe alternative repajr method if the shell cow-se is greater thru1 l/2 in.? 

Reply I : The rest of Section 9 specifies the applicable repaiJ· rules. 

Qut~stion 2: Is APT Std 653 retroactively applicable to a tank that had patches installed on a tank shell, with a thickness greater 
than l/2 in., prior ro the issue of API Std 653? 

Reply 2: Yes. see 9.3. 1. 

SECTION 9.8 ADDITION OR REPLACEMENT OF SHELL PENETRATIONS 

653-L-17/98 

Question: When adding a new nozzle into an existing shell plate> 1/2 in. which does not meel the current design metal 
temperature criteria, which of the (alleged) conflicting rules are to be satisfied: 9.8.2b of API Std 653, 
3.7.3.1a of API Std 650. or 3.7.3.lb of APT Std 650? 

Reply: Refer to API Std 653, 9.8.1 which requires that the rules of 9.8.2 and API Std 650 be mer. Section 3. 7.3.1 a 
applies to the spacing from shell-joints to insert plates. reinforcing plates, or nozzles. Section 3.7.3. 1 b 
applies 10 spacing between adjacent nozzles, reinforcing plates. insert plates. or any combination. Section 
9.8.2b specifies the minimum s ize of the insen plate if a reinforcing plate is used. These rules. including 
9.8.2d. need to be worked together. There is no conflict. 
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653-1- ll/01 

Que.wion: Does API Std 653 allow nozzle-type clean out fi ll ings that are half above Roor level <tnd half below lloor level to 
he rephtced in an old tank or installed in a new tank? If so, what section pennits I hem to he replaced? 

Reply: No. 

SECTION 9.9 ALTERATION OF EXISTING SHELL PENETRATIONS 

653-I-18N8 

Question: When making a ·'tombstone'' modification to ao exisling penetration, extending the reinforcing down to the shell
to·bottom weld, does API Std 653 permit increasing the thickness of nozzle reinforcing plates and proportionally 
decreasing the vertical dimension from the nozzle centerline to the tank bottom? 

Reply: Yes, provided the requirements ror reinforcement w1d weld spncing comply with APl Std 650. See 1}.9. I, 

SECTION 9.10 REPAIR OF TANK BOTTOMS 

653-1- 19/98 

Question: When a new raised bottom is installed in an existing tank, whal criteria apply to the spacing between the existing 
shell nozzles nnd the new botLnm-to-shell weld? 

Reply: Refer to API Sid 653, 9. I 0.2.1.4, which requires that the minimum spacing speci fied in A PI Std 650, ~. 7 .3, be met. 

653-1-01 /99 

Question I : In AP1 Std 653, 9. 1 0.2. 1.2, is .. (;utting a SlOt" i ntended to mean a complete severing of the tank wall? 

Neply 1: Yes. 

Questio11 2: Is lhere a sketch or more definiti ve explanation of what is Jescribed regarding the slolled detail? 

Reply2: No. 

Que.wio11 3: Is there any provision in A PI Std 653 for a shell to-bottom weld (for a replacement bottom) that could be welded 
from the inside of the rank? 

Reply 3: 

653-1-0 1/00 

No. Two-sided welding is required. See API Std 653. 9. 1 0.2.3 which refers to API Std 650 (including 3. 1.5.7 of 
API Srd 650). 

Questiun: Referring 10 API Std 653, Figure 9-5 und 9. 1 0. can a patch be placed near a three-point seam as shown below? 

D 
l?eply: Yes. unless the patch plate covers d1e 3-point lap. See Note 5 in Fig. 9-5. 
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SECTION 9.14 HOT TAPS 

653-1-1 1/00 

API STANDARD 653 

Queslion 1: Refening to AP£ Std 653. is there any problem and concern with applying the hot-tapping method to 18 in. and 
larger connections? 

Refer to 9.14.1.1. which limits hot-tapping to nozzles 18 NPS maximum. with additional limitations as noted. API 
does nut publish the r:uionill for the technical requirements in its standards. 

Que.\'livn 2: lf we apply the hot-tapping method to 1 X in. and larger conaections, is it required to do PWHT to the nozzle neck? 

Reply 2: 

653-1-09/0 I 

API Std 653 does not permit hot-tapping sizes over 18 NPS. See 9.14.1.1 . 

Bm:kgrmmtl: API Std 653 specifies a minimum shell plate thick.ne,ss of 1/4 in. is required to install a 2-inch hot tap. We must 
install hot taps on some tnnks in which the shell thickness is less than I /4 in. The tanks are approximately 50 years 

03 old. 

Queslirm: Does API Std653 allow hot t·apping NPS 2 connections in tank shells less than IJ4 inch thick when the material is 
nf unknown toughness? 

Reply: Yes, if the thickness is not Less than 3/ 1 f> inch. Refer to Table 9-1 and to Section 9.14.1 for further restrictions. 

SECTION 10.5 DIMENSIONAL TOLERANCES 

653-[ -06/98 

Quf'.vlian: Would it be correct to assess planar tilt and calcul<lte limits via use of the plumbness rules in API Std 653, 10.5.2? 

Reply: API Std 653 has no rules on tilt of existing tank shells. per se. The only tolerances applicable to reconstructed tank 
shells are for plurubness, roundness, peaking, and banding. as defined in 10.5. However. 10.5.6 provides rules rhat 
in effect specify the pennitted planar tilt of the toundation. Also, refer to Appendix B, B.2.2.2, which provides 
guidelines on rigid body tilling. 

653-1-(4/99 

Question 1: Are the foundation tolerances in API Std 653, 10.5.6, applicable only to reconstructed tanks or repairs on tank 
foundations originally constructed to the tolerances of API Std 650, 5.5.5, and Appendix B? 

R(Jp/y / : Ye.<.>. 

Question 2; Aie the foundati011 tolerances in API Std 653, 10.5.6, applicable tore-leveling tanks \Vhen the original tank f()un
dation was const111cted to the tolerances of API Std 650. 5.5.5_ and Appendix B? 

Reply 2: No. The foundation tolerances in API Std 653, 10.5.6 apply only to reconstructed 1anks and do not apply tore-lev
eling existing tanks. Sections 12.3.1 .2 <md 12.3.2.5 provide requirements on re-leveling work. 

SECTION 12 EXAMINATION AND TESTING 

653-1-09/99 

Ques1ion: Consider a tank built in the 1950s toAPI12C rules, but having vertical and horizontal welds that willno1 p<1SS the 
API 12C radiography cliteria. If only the vertical welds were repaired, can the tank be put back In service meeting 
the API Std 653 requtrements? 

Reply: The horizontal and vertical welds examined must be evaJuated/repaired based on the rules in APT Std 650, 7.6, and 
APf Std 653, Section 12. before placing the lank back in service. 
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SECTION 12.1 NONDESTRUCTIVE EXAMINATIONS 

653-l-08/98 

Questio11: Does API Std 653, 12 . 1.4.2, in its entirety, apply only to attachments welded to Groups IV through VI material? 

Reply: Yes. 

653-1-04/02 

Q~tes/u:m: Does API Std 653 require radiographic tracer shots on repairs of new shell plate to new shell plate welds and new 
shell plate to old shell plate as is required i11 new construction repairs with API Std 650. 

Reply: Yes. See Section 12. 1.1.3. 

SECTION 12.2.1 NUMBER AND LOCATION OF RADIOGRAPHS 

653-1-05/00 

Question: With justifiable cause and at the request of the owner, is it allowable to substitute the RT in Section 12.2.1 of API 
Std 653 with UT? 

Reply: No. 

SECTION 12.3 HYDROSTATIC TESTING 

653-1-1 5/98 

Questioll 1: Does API have any thoughts as to when it is infeasible to get water for hydrotesting? 

Reply I : The API Pressure Vessels & Tanks Subcommittee is strictly limited to interpretations of API Sttl 650 requirements 
and to the con$ideration of revisions to the present standard based on new data or technology. 

Quesriun 2: Are there any tank testing methods. as an e~lternative to those srecified in API Std 650, that one might consider in 
a varit1nce situation with a state's t<mk law, such as welding shut vents and using helium under a few pounds of 
pressure, providing leak detection and stressing the tank as well'? 

Reply 2: 

653-1-01/01 

APT does not act as a consultant on specific engineering problems or on the general understanding or application 
of its standards. API's activities in regard to technical inquiries are limited strictly to Interpretations of the standard 
and to the consideration of revisions to the present standard based on new data or technology. 

Que,,·rio/1; To meet the requirements of a hydrostatic test exemption per API Std 653, Section 12.3.2.1(a). must all repai rs be 
reviewed, or just the items that are covered in the scope of the major repair? 

RPf,ly: Section 12.3.2. 1(a) applies only to the items within the scope of the major repair. 

SECTION 13 MARKING AND RECORDKEEPING 

03 

653-1-10/01 03 

/3ackgnmnd: We are working with API 653-certified inspettors to perform APJ Std 653 inspection services for various clients. A 
question has arisen over whether monthly "routine in-service inspection'' records are tO be kept for the life of the 
tank. or whether some shorter retention interval, such as I 0 years, ntight be <.:onsidered adequate. 

Question: How long does API Std 653, Section I I, require inspection records Lobe retained? 

Reply: APT Std 653 does not specify the retention period. 
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APPENDIX F-NDE REQUIREMENTS SUMMARY 

F.1 Introduction 

This appendix is a summary of all nondestruct ive exami
nation requirements for repairs and reconstruction of tanks. 
[t is pmvided only as a guide t(l assure that the proper exam
inations are performed and that the acceptance standards, 
examiner qualjficalions, and procedure requirements are 
followed. 

F.2 Visual Examination 

F.2.1 Visual examinations are required for: 

a. Cavities from removal of repads (see API Std 653, 
12. 1.2.2). 

b. Completed welds of stress-relieved assemblies after stress 
relief bul before hydrostatic testing (see API Std 653, 
12.1.2.4) . 

c. All fillet welds and completed repairs of fillet welds (see 
API Std 650. 5.3.2.2 and APT Std 653, 12. 1.3.3). 

d. Completed welds of new permanentattacluuents and areas 
of removed temporary attachments (see APT Std 653. 
12.1.4.2). 

e. New shell !>late-to-shell plate welds (see API Std 653. 
12 1.5). 

f. Tack welds left in place (see APl Std 650, 5.2. !.8). 

g. Bottom plate and alJ welds, induding the weld attaching a 
patch plate to the bottom, for new bottom plates (see API Std 
653. 12.1.7.!). 

h. Root and final weld pass of patch plate to bottom in the 
critical zone (sec API Std 653, 12.1.7.2). 

i. Areas oF a bottom plate repaired by weldit1g (See API Std 
653. 12.1.7.3). 

j. Areas of a shell plate to be repaired by welding (See APl 
Std 653. 12.1.8). 

k. Cavities from removal of weld defects (see APT Std 653, 
12.1.3. 1 ). 

I. A1u1ular plate butt-welds root pass and final pass (see APT 
Std 653. 123.2.3. 1b). 

m. Repaired areas of the shell-to-bottom weld (see API Std 
653, 12.3.2.4.2). 

F.2.2 The examination acceptance st·andard is API Std 650. 
6.5. 

F.2.3 
tions. 

F.2.4 

There are no requirements for examiner qualifica-

There are no procedure requirements. 

F-1 

F.3 Magnetic Particle and Liquid 
Penetrant Examination 

F.3.1 Magnetic particle or liquid penetrant examinations 
are required for: 

a, Cavities from removing exjsting reinforcing pad welds 
(see API Srd 653, 12. 1.2.2). 
b. New welds of nozzle neck-to-shell, nozzle neck-t·o-repad, 
and repad-to-shell (see API S td 653, 12. 1.2.3). 
c. Compfe.ted we.lds of stress-relieved assemblies after stress 
relief. before hydJostatic testing (see API Std 653. 12. 1.2.4). 
d. Cavities from removal of weld defects (~ee API Std 653, 
12.1.3. 1). 
e. Completed welds of new permanent attachments and areas 
of removed temporary attachments on API Std 650 material 
groups IV, IVA, V. or Vl (see API Std 653, 12. 1.4.2). 
f. The back-gouged surface of the root pass and the finaJ sur

face of new shell plate welds where the shell is thicker than I 
in. (see API Std 653, 1 2. 1.5). 
g. Existing shell-to-bottom welds that wi ll be under a patch 
plate. plus 6 in. on each side (see API Std 653. 12. 1.6.3). 
h. RMt and fina l weld pass of patch plate to b(,ttom in the 
critical zone (see API Std 653, 12.1.7.2). 
i. Bottom plate restored by welding (see API Std 653. 
12.1.7.3). 
j. Areas of a shell plate repaired by welding (see API Std 
653, 12. 1.8). 
k. MT or PT repairs to the annular plate or bottom plates 
within the critical zone after root and final pass (see API Std 
653, 12.3.2.3.lb). 
I. MT or PT repairs to the shell-to-bottom welds before and 
after root pass, and after final pnss (see API Sld 653. 
12.3.'2.4.2). 
m.111e back-gouged surface of t he root pass of full penetra
tion nozzle neck~to-she ll and repad welds as required by API 
Std 653, 1 2.3.2.2.6, specific hydrostatic test exemption 
requirement. 
n. The back-gouged surface of the root pass and fi naJ surface 
or new vertical and horizontal shell joints as required by API 
Std 653, 12.3.2.2.5. specific hydrost::ttic test exemption 
requirement. 

F.3.2 Magnetic particle examination alone is required for 
weld removal areas of the bottom-to-sheU welds when 
removing a bottom (see APl Std 653, 9.10.2.2 b). 

F.3.3 The magnetic particle examination acceptance stan
dard is AS ME!. Section Y, Article 7. The acceptance standards 
for the removal and repair of defects shall be in accordance 
with ASME Section Vlli. Appendix. 6, paragraphs 6-3, n-4, 
and 6-5. 
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F.3.4 The liquid penetrant examination acceptance stan
dards is ASME Section V, Article 6. The acceptance stam.lards 
for the removal and repair of defects shall be in accordance 
with ASME Section VUI, Appendix 8, paragraphs 8-3, 8-4, 
ancl 8-5. 

F.3.5 The requirements for examiner qualifications shall 
follow API Std 650, 6.2.3, requiring an exmniner with ade
quate vis ion and competent in the examination, interpretation. 
and ev~duation of resultS. 

F.3.6 Procedure requirements shall follow ASM£ Sec-

d. Potential bottom plate teak paths, (see API Srd 653, 
12.1.7. 1 ). 
e. Patch plates welded on to the bottom. (see A PI Stcl 653, 
12. 1.7.1 and 10.1.7.2). 
f. Bottom plate restored by welding (see API Std 653. 
12.1.7.3). 

F.5.2 The requirements for examiner qualitlcations shall 
follow APl Std 650. 6.6.4, requjring an l:lXam·mer with ade
quate vision and competence in the examination method, 
interpretation. and evaluation of results. 

01 

tion V. F.5.3 Procedure requirements shall follow API Std 650, 6.6 
(3 lbtl in.2 gauge mi nimum). 

F.4 Ultrasonic Examination 
F.4.1 Ultrason.lc examinatious are required for: 

a. Shell areas over which lap patch plates are to be welded 
(see API Std 653. 9.3. 1.9). 
b. Shell areas over which new reinforcing or hot tap nozzles 
are to be welded (see APr Std 653. 12.1.2.1). 
c. Completed repairs of butt-welds unless radiographed (see 
API Stcl 653, 12. 1.3.2). 
d. The fuU penetration nozzle neck-to-shell and repad welds 
as required by API Std 653, 12.3.2.2.6, specific hydrostatic 
test exemption requirement. 
e. Repairs tO annular plate bun-welds after final pass (see 
A PI Std 653, 12.3.2.3. 1 b). 

F.4.2 The ultrasonic examination acceptance standard shall 
be agreed upon by the owner/operator aud contractor (see 
A Pt Srd 650, 6.3.4). 

F.4.3 The requirements for examiner qualifications shall 
follow ASNT Level ll m Ill, according ro ASNT SNT-TC-
1 A. Level I personnel may be used if they are given written 
acceptance/rejection cri teria prepared by Level H or Level 111 
personnel, and are under the direct supervision of Level II or 
Level Ill personnel. 

F.4.4 Procedure requirements sha l.l follow ASME Sec
tion V. 

F.S Vacuum Box Testing 
E5.1 Vacuum box testing is required for: 

a. New sheJI-to-bortom welds, unless diesel tested (see API 
Std 653, 12.1.6). 
b. New bottom welds, unless tracer gas rested (see API Std 
653. 12. 1.7). 
c. New roof plate welds for tanks designed to be gas tight 
(see A PI Std 650, 5.3.7). 

F.6 Tracer Gas Testing 
F.6.1 Tracer gas testing is required for new bottom welds, 
unless vacuum box tested (see API Std 653, 12.1.7). 

F.6.2 There are no requirements for examiner quaJifica- I 01 
tions. 

F.6.3 Test must be performed to a procedure that has been 
reviewed and approved by the tank owner/operator. 

F.7 Diesel Oil Test 
F.7.1 Diesel oil Lesting is required for: 

a. The fi rst pa<;s of new shell-to-bottom welds and lhe ·final 
new s hell-to-bottom weld, unless the final weld is vacuum 
box tested (see API Std 653, 12.1 . 7). 
b. Floating roof deck seams and other joints required to be 
liquid light or vapor tight (s~e API Std 650, H.7.2 and C.4.2). 

F.7.2 There are no requirements for examiner qualifica- 1 01 
lions. 

F.7.3 There are no procedure requirements. 

F.8 Air Leak Testing 
F.8.1 Air leak testing is required for 

a. Repad-to-shell , repad-to-nozzle, and nozzle-to-shell welds 
of new or altered shell nozzles (see AP1 Std 653, I 2.4). 
b. Init ial pass of the shell -to-bottom welds and inside ;md 
outs ide of the shell, if the weld is not tested by vacuum box or 
diesel oil (see API Std 653. I 2. 1.6.2). 

1 o1 

F.8.2 There are no requirements for examiner qualifica- 1 01 
lions. 

F.8.3 Procedure requirements shall foiJow API Std 650, 
5.3.5. 
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F.9 Radiographic Examination 

F.9.1 Radiographic examinations are required tor: 

a. Insert plates ~or installing penetration butt-welds shall be 
ti.J IIy radiographed (see API Std 653, 12.2.1.8). 

b. Repairs to butt-welds, unless ullrasonicaJiy ex:unined (see 
APl Std 653. 12.1 .3.2). 

c. Vertical and horizonrat joints anu junctions of new shell 
plates welded to new shell plates and new plates welded to 
existing plates (see API Std 653, 12.2) Thi::. section covers 
shell replacement plates and door sheets. 

d. Tank shell butt-welds on reconstmcted tanks (see API Std 
653, 12.2.1.5). 
e. New annular plate joints (see APT Std 650, 6. 1.1 ). 
f. New and replaced shell insert plate and door sheet wekls 
(see APt Std 653, 12.2.1.6). 

g. Verfical and horizontal shell joints as reyuired by API Std 
653, 12.3.2.2.5, specific hydrostatic test exemption 
requirement. 

F.9.2 The examination acceptance standard is ASME Sec
tion VIII , paragraph UW-51(b). 

01 

F.9.3 The requirements for examiner qualifications shull 1 01 
follow ASNT Level II or Ut according to ASNT SNT-TC-
1 A. Level 1 personnel may be used if they are given written 
acceptance/rejection criteria prepared by Level 11 or Level lfl 
personnel. These procedures must contain the applicable 
requirements of ASME Section V, Article 2. All Level I per
sonnel must be under the direct supervision of Level II or 
Level IlJ personnel. 

F.9.4 Procedure requirements shall follow ASME Section 
V, Ar1icle 2. 
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APPENDIX G-QUALIFICATION OF TANK BOTTOM EXAMINATION 
PROCEDURES AND PERSONNEL 

G.1 Introduction 

G.1 .1 TI1is Appendix provides guidance for qualifying botb 
rank bottom examination procedures and individuals th:ll per
form tilJlk bottom examinations. Owner/operators may elect to 
either apply this appendix as written or modify it to meet their 
own applications and needs. Tank bottom examinations are an 
important factor in providing the owner/operator increased 
assurance of rank integ1ity. As a result, 1t ls import<UJt that 
qualified examination procedures ::mel personnel are used in 
these examinutions. Specific agreements and requirements for 
qualification of tank bottom examinarjou procedures and tank 
bottom examiners should be established between the owner/ 
operator and the authorized inspection agency. 

G.1.2 There have been many NDE tOOl!. developed for 
inspecting tank bottoms. Most of these tools are complex and 
require the opemtor to have a high level of knowledge and 
skill. The effectiveness of these examinations may vary 
greatly depending on the equ1pmem used, the examination 
procedure. and the skill of the examiner. 

Often the owner/operator will not have the ability to easily 
determine if the tanf.. bottom examination bas been effective 
in assessing the actual condition of the tank bottom. The 
requiJ·ements in this Appendix will provide the owm:r/npera
tor additional assurance th~•t the tank bottom examjnation will 
rind significant metal Joss. 

G.2 Definitions 

G.2.1 essential variables: Variables in the procedure 
that cannot be chunged without the procedure and scanning 
operators being re-quali!ied. 

G.2.2 examiners: Scanning operators am.l NDE techni
cians who prove-up bottom indicmions. 

G.2.3 bottom scan: The use of equipment over large 
portions of thl! tank bollorn to detect corrosion in a tank bot
tom. One common type of bottom-scannjng equipment is the 
Magnetic Flux Leakage {MFL) scanner. 

G.2.4 authorized inspection agency: Organizations 
that employ an nboveground storage tank inspector certified 
by API (see 3.4). 

G.2.5 n on -essential variables: Variables in the proce
dure that can be changed without having to re-qualify the pro
cedure and/or scanning operators. 

G.2.6 qualification test: The demonstratjon test that is 
used to prove that a procedure or examiner can successfully 
fi nd and prove-up tank bottom metal loss. 

G·1 

G.2.7 scanning operator (or operator): The individ
ual that operates bottom-scanning equipmenL 

G.2.8 sizing (or prove-up): The activity that is used to 
<lccurately determine the remaining bottom thickness in areas 
where indicmions are found by the bottom scanning equip
ment. This is often accomplished using the UT method. 

G.2.9 tank bottom examination: The examination of 
a tank bottom usi ng special equipment to determine the 
remaining thickness of the tank bottom. It incl udes both the 
detection ami prove-up of the indications. It does not 
include the visual examination rhat i:-. included in the inter
naJ inspection. 

G.2.1 0 tank bottom examination procedure (TBP): 
A quHiified written procedure that addresses the essential and 
non-essential variables for the tank bottom examination. The 
procedure can include multiple methods and tools. i.e .. bot
tom scanner. hand scanner. and UT prove-up. 

G.2.11 tank bottom examiner qualification record 
(TBEQ): A record of the qualification test for a specific scan
ning operator. This record must contain the data for all essen
tial variables and the results of the qualification test. 

G.2.12 tank bottom procedure qualification record 
{TBPO): A record of the quali fi cation test for a tank bottom 
examjnation procedure. This record must contain the datu for 
all essential variable:. and the results of the qualification test. 

G.2.13 variables or procedure variables: The spe
cifi c data in a prO<:euure that provides direction and limita
tion~-: to the scanning operator. Examples include; plate 
thicknes~ . overlap of adjacent bc11l0m scans. scanning speed. 
equipment settings, etc. 

G.3 Tank Bottom Examination 
Procedures 

G.3.1 Each amhorized inspection agency performing tank 
bottom examinations 1s responsible to have and use tank bot
tom examination procedure(s) (TBP). These procedures pro
vide direction for examiners perfomung tank bottom 
examinations. A procedure also allows rhe owner/operator or 
authorized inspector to verify whether the examiners arc cor
rectly performing the examinations. 

G.3.2 The authorized inspection agency that performs the 
iank bottorn examinations should develop the tank bottom 
examination procedures (TBP). 

G.3.3 Each TBP shall address essential and non-essential 
variables. Section 0 .5.4 provides guidance for detemuning 
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appropriate TBP ~~entiat and non-essential vanables. Each 
procedure should specify limits on appropriate variables, e.g .. 
plate lhickness range. 

G.4 Tank Bottom Examiners 

G.4.1 Examiners neeJ only to be qualified for rhe work 
1hey dn in 1he field. For example, s<:<tnning operators who 
011ly use the bottom scanning equipment and do not prove-up 
1he ftaw wilh a follow-up method need only to be qualified 
for the scanning operation. 

G.4.2 The pwvose of qutllifying the tank bottom t:xaminer 
is 10 determine if the exwniner is capable of satisfactorily 
using a qualiticd procedure to determine the condition of rhe 
tank bottom. 

G.4.3 Each authorized inspection agency is responsible to 
rrain. test and qualify the ~canning operators and exami ners 
they employ usiug follow-up techniques. QU!Ilifications 
gained lhrough one <tulhoriz.ed inspection agency are not nec
essarily VHiid for any other authorized inspection agency (see 
G.4.4 and G.4.9(f). 

G.4.4 The authorized inspection agency is responsible for 
training each scanning operator 1hey employ. Each scanning 
operator should receive <t minimum of 40 hours of tr.Uning. 
This training ~hou ld mcfude: 

a. Instruction on the NDE principles/methods used by the 
bottom scanner, limit<ltionl> and application of the specific 
scanning equipmem and procedure, scanning equipmenl cnli
bmtion and operation, key scanning equipment operating 
varinbles, etc. 

b. Hands-on operation of the bollom scanner under the direct 
superviskm of a qualified scamtiJlg examiner. 

When hiring experienced examiners, the authorized 
inspection agency should verify and document previous 
examiner !raining and provide any additional training if nec
essary. Experienced examiners should be provided training 
regarding specitic procedural requirements and test equip
men! to be utilized by the new employer. 

G.4.5 The aUihoriz.ed inspection agency is responsible for 
testing each scanning operalor by written examination. The 
test queslions should be appropriale for the scanning method 
to be used. The authorized inspection agency .should establish 
the p11ssing score for the written examination. 

G.4.6 The authorized inspection agency is responsible for 
qualifying all examiners 1hey employ. All examiners (scan
ning operators and examiners perfomting prove-up on the 
indications) shall be qualified by perfo1ming an examination 
on lest plates as specified in 0.5. Only third-party companies. 
having no contlict of interest in tank bottom examination 
applications. or owner/operator companies may facilitate 

qualificatiOn tests. T he examiner shall be considered qualified 
if the acceplance criteria specified in 0.5.3 has been mel. 

Examiners performing prove-up of indications usin~ 
ulrra!>onic testing method!. should be qualified in accordance 
with API Std 650 and supplemental requirements given in 
this Append ix. 

G.4. 7 During the qualific::uion test, a tank bottom examiner 
qualiticmion record (TBEQ) must be completed for each 
examiner. The TBEQ is a record of the variables used during 
the qualitication test. On the. TBEQ, the qualifying company 
musl record: 

a. The essential Vllriables from the qualification test. 

b. The qualification test results. 

c. Number of hours the individual has been trained. 

tl. Test score from the written training examination. 

The TBEQ shall be certified (signed) as accurate by a rep
resentalive of the authorized inspection agency and a repre
sentative of I he company facilitating the test 

G.4.8 The TBEQ may be \vrillen in any fom1at that con
tains all the required infonnanon. 

G.4 .9 The bottom-scanning examiners (operators anc.l/or 
UT examiners) should be re-qualified when any of the follow
ing apply: 

a. When the examiner is not qualified to the TBP thai is to be 
used at I he owner/operator facility. 

b. When the nuthOJized inspection agency changes the TBP 
and I hat change requires the r rocedure 10 be re-qualitied. 

.:. When 1he operutor has not perfonned a tank bottom scan 
in 6 months. 

d. When the operator has not used lhe specilk procedure 
(TBP) for 12 months. 

e. When the authorized inspection agency has reason to 
question the ability of the examiner. 

f. When an examiner changes to a new employing aiJiho
rized inspec1ion agency lhat wies procedures with essential 
variables that are different from the previous employer's 
procedures. 

G.5 Qualification Testing 

G.5.1 QUALIFICATION TEST PLATES 

G.5.1.1 The qualificalion tesl will be performed on a sam
ple tank bottom with designed flaws. The sample tank bottom 
should be a minimum of 70 ft2 to provide space for the 
uesigned A:tws. The plate material used to fubricate sample 
plates may be either new !.teel or used steel. It should be 
noted that the results obtained during qualification tests might 
nor be indicarive of the results of examinations performed on 
other plates of differing quatity or penneabi lity. When used 

03 



03 

TANK INSPECTION, REPAIR, ALTERATION, AND RECONSTRUCTION G-3 

steel is utilizecl for qualification purposes, the qualification 
test acceptance standards recommended in G.5.2 may not be 
appropriate. The owner/operator should estl\blish its own 
acceptance standards in such cases. 

G.5.1.2 The minimum number and types of underside test 
pits located on the test plates are described below: 

where: 

Remaining Bottom 
Thickness (t) (in.) 

I< ().050 

0.050 < 1 <1/2 T 

Minimum Number 
of Pits 

2 

5 

4 

r = nominal bottom thickness, 

remaining bottom thickness at test plate flaws. 

Note: Test pirs should generally he hemispherical having a 
depth-to-diorneter ratio of from 20% - SO%. Test pits should 
nor be flat bottom holes since examiners may interpret rhese 
:1s a l:uninntion. Also, machinetl conit.-al holes should not be 
used since they are difficult to size with UT methods. 

The owner/operator may consider placing additional flaws 
near the plate edge, i.e., less than 6 in. from l'he edge. to deter
mine if such flaws can be detected by authorized inspectioo 
agenc.:y procedures. Any flaws placed closer than 6 in. to the 
plate edge should be in addition to those shown above ancl 
should not be included in detenni.ning qualification unless 
specifically required by an owneJ/opemtor and such defect's 
are stated Ill> being detectable in authorized inspection agency 
procedures. 

G.5.1.3 The minimum munber and types of product side 
test pits located on the test plates are described below: 

Remajning Bottom 
Thickness (1) (in.) 

0.050 <I < 112 T 

1/2 T <I< 2/3 7' 

Minimum Number 
of Pits 

2 

2 

G.5.1.4 There should also be at least one area representing 
general soilside corrosion. This area should be at least 10 in.2 
(64.52 c.: m2) anJ have a remaining bottom thickness of about 
1/2 T(nominal plate thickness). 

G.5.2 QUALIFICATIONTEST ACCEPTANCE 
STANDARDS 

G.5.2.1 The following acceptance criteria must be met 
when qualifying either an examination procedure or an exam
iner. If all the acceptance criteria are met, the procedure or 
examiner ~ hill I be considered qualified. Owner/operators may 
substitute altemative acceptance criteria. either more or less 
conservative, based on their specific needs and requirements. 

G.5.2.2 When qualifying either a procedure or a scanning 
operator, the operator must be able to detect the following 
Raws: 

Remaining Bottom 
Thickness (I) ( in.) 

I <0.050 

0.050" <I <1121' 

1/2 T < 1 < 2/J 7' 

Area of general corrosion 

Flaws Thai Must 
Be Found 

90%- tOO% 

70% -90% 

40% -60% 

100% 

G.5.2.3 When qualifying either a procedure or an exam
iner, who proves up the indications, Lhe examiner must be 
able to detennjne the fiLM depth as follows: 

Type of Tank BotLo111 Prove-up (Flaw Depth) 

Not coated ± 0.020 in. 

Thin coating< 0.030 in. ± 0.030 in. 

Thick coating> 0.030 in. Per agreement with 
ownerfopemtor 

The owner/operator should determine if addilional Raw 
clitnensions must be addressed in the qualification process. 

G.5.2.4 While false calls, also referred to as over-calls. 
tend to be more of an examination efficiency issue than a tank 
bottom integrity issue, the owner/operator should determine if 
they should be addressed in the qualification process. 

G.5.3 QUALIFICATIONTESTVARIABLES 

G-5.3.1 Essential variables are those items that may have a 
signific~lnt effect on the qu.\lity of the examination if they are 
changed from rhose used during the qualification test. 
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Table G-1-Suggested Essential Variables for Qualification Tests 

Essential Variable Used During Test Qualified 

Scanner Ec1uipmcnt 

Prove-up Equipment 

Prove-up Procedure 

Plate Thickness (7) 

As tested Same as rested 

As tested Same as tested 

As tested Same as tested 

T T + 0.050 in. / - 0.130 in. 

Coming Thickness (r1) lr =0.000 in. 

0.008 in.< r,. < 0.030 in. 

0.030 in. < t,. < 0.080 in. 

1,.>0.080 

0.0() I in. - 0.030 in. 

0.030 in. - 0.080 in. 

<J.OHO in. -t,. 
Distance fmm Shell (d,) 

Critic:1l Equipment Settings 

Threshold Settings (Tft) 

Calibration or Functional Check 

Cl.OOO in. 

As tested 

T,, 
As tested 

G.5.3.2 Table G - 1 lists suggested Items lhat may be con

sidered as essential variables for the qualification test when 
qualifying either a tank botto m examination procedure or a 
tank bottom examiner. Essential variables may be diffe renr 
for diffe rent ty pes of tank bottom scanners. Authorized 
inspec tion agencies are respons ible for de termining what 
additional variables should be considered essential variables 
for each tank bottom scam1er, 

G.5.3.3 Essentia l variables and the values must be 

recorded on the TBP and on the TBEQ. 

G .5.3.4 Non-essential variables are those items that will 
have a lesser a l'fect on the quality o f the examination. Non
essential variables may be diffe rent for differenl types o f tank 

bottom scanners. 

Lesser of 8 in. Or t~1 

Per manufacturer 

< IO%Tt1 

Same as tested 

G.5.3.5 Non-essential variables must be listed on the T BP 
but need not be addressed on the TBPQ or the TBEQ. The 
fo llowing is a list of examples of items that might be consid
ered as non-essential variables. equipmenT manufacn•rers and 
authorized inspec tion agenc ies are responsible to determine 
what addition fac tors should be considered non-essential vari
ables for each tank bottom scanner. 

a. Scanner speed. 

b. Scanning pattem . 

c. Height limi[ations. 

d. Overlap between scans. 

e. Plate cleanliness. 

f. Non-critical equipment settings. 

Note: Some of the listed non-essentinl variables may actually be 
essential variables for specific types of scanners. 
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